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			Where does water in the river come from?





Basin groundwater


Flood driven bank storage and riparian aquifer recharge


Human related sources – agricultural returns and WWTP


			Are source and vegetation related?


			How important are floods?





Annual and decadal scale variability could influence.


Seasonality of flooding – winter vs summer vs managed


			What about this is important for management?





Floods are important


Mechanism not completely understood so specific plans of action are not yet possible


Overview
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Riparian Water Source
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			  Isotopes of water – natural tracer of source


			  Riparian wells span range between end members


			  Baseflow skewed toward monsoon runoff


			  Quantify % using simple mixing model


			  Uncertainty associated with runoff end member
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Riparian Aquifer Water Budget
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Flow is always upward at Lewis Springs
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Flow Towards River


Flow Away From River
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Losing reach
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Gaining vs Losing


Basin Groundwater in Riparian Wells
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Groundwater inflow from south?





Gaining Reach


Losing Reach
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Pool and Coes (1999) 





Demonstrate decrease in summer flows over 20th century 





Little change in winter flows





Flood recharge of riparian aquifer  increasing? decreasing?





Annual
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Runoff
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			Importance of Alluvial Aquifers in Semi-Arid Systems 





Riparian ecosystems (Stromberg et al)


Physical integrators  (Hogan)


Provide water for human and ecological systems 


			Take home message





We know flood recharge is an important water source in the San Pedro.


We know it is affected by climate related flood variability 


But we do not understand the mechanism and the dynamic link to climate.








*




















*





SWAT -   Nutrient Flood Flows


KINEROS – Sediment Flood Flows


Flood Flows


Basin Groundwater


Nutrient Rich Downstream 


Flood Waters
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Decadal Scale Climate Variability


Riparian Vegetation Change 


EPA STAR


1) Riparian aquifer recharge depends on flood characteristics and dominates in reaches with minimal regional aquifer connection.


2)  Riparian vegetation structure responds non-linearly as riparian aquifers are dewatered and thresholds for survivorship are exceeded. 


3)  Decadal scale climate variability alters riparian ecosystem water budgets and ecosystem structure and function.
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Alluvial Aquifer Monsoon Recharge


			Is this water “new”?


			This effects current sustainable flow calculations





Traditional assumption is basin groundwater budget need not account for floods


Assumption needs to be reassessed


			Monsoon flood recharge may not be “additional water”





Old water versus new water debate


Mechanism may be similar here


Flood waters observed may have simply displaced existing water


Flood wave water may have been added to the “top” of the aquifer


			What fraction of flood waters are basin groundwater?


			How much of monsoon water presence in alluvial aquifer displaces existing groundwater versus adds new water to alluvial aquifer?
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Alluvial Aquifers


			Science





Semi-arid systems ideal to study alluvial aquifers


Isolation from hillslope processes


Mechanism of interaction, storage and release 


Interesting interaction between storm behavior (Huth et al. 2006)


And seasonal to inter-annual behavior (Baillie and Hogan 2006)


			Broader Impacts





Critical for 


Sustaining streamflow


Sustaining vegetation


Susceptible to 


Human Impacts


Changes in Flood Patterns


Changes in Climate
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San Pedro Riparian 


	Seasonal ET curves 


Spring ET


Summer ET


Fall ET


Work from U of A and ARS has resulted in seasonal ET rate curves for major plant functional groups
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												Cottonwood																mesquite																								sacaton



				1.83				April				30				54.885				2.8412295082								0.919				April				30				27.57				1.3101229508												jan				31



				3.82				May				31				118.43												1.689				May				31				52.3475																feb				28



				5.70				June				30				171.14				4.1950819672								3.963				June				30				118.895				4.2868744313								0.58				march				31



				4.92				July				31				152.38												4.538				July				31				140.669091954												0.66				april				30				19.905				1.1923803279



				3.31				Aug				31				102.46												4.714				Aug				31				146.1405												1.70				may				31				52.8302



				2.86				Sept				30				85.82												3.910				Sept				30				117.29408867												2.67				june				30				80.238				3.3367581967



				1.30				Oct				31				40.24				0.6816393443								2.187				Oct				31				67.794				1.4817957125								3.33				july				31				103.1308



				0.04				Nov				30				1.34												0.753				Nov				30				22.5955384615												4.07				aug				31				126.0987



																																																				3.25				sept				30				97.617



																																																				2.15				ovt				31				66.5291				1.4493131148



																																																				0.73				nov				30				21.879



																																																				0.27				dec				31



																																				emergent



																																				Depth to water				ET flux rate								april				oct



								Mesquite				Cottonwood				Saltcedar				Grass				bareground				Emergent								20				0				0				0				0



				April/May				1.31				2.84				2.00				1.19				7.48				3.00								0				2.3				0.6571428571				1.9714285714				0.9857142857



				June/Sept				4.29				4.20				4.80				3.34				6.73				3.50								-4				3.2				0.9142857143				2.7428571429				1.3714285714



				Oct/Nov				1.48				0.68				2.00				1.45				4.29				1.50								-7				3.5				1				3				1.5



				Dec/March				0.00				0.00				0.00				0.00				3.77				0.00								-10				3.5				1				3				1.5



																																				-15				3.2				0.9142857143				2.7428571429				1.3714285714



																																				-33				2				0.5714285714				1.7142857143				0.8571428571



																																				-75				0				0				0				0



																																				Depth to water				april				june				oct



																																				20.00				0.00				0.00				0.00



																																				0.00				1.97				2.30				0.99



																																				-4.00				2.74				3.20				1.37



																																				-7.00				3.00				3.50				1.50



																																				-10.00				3.00				3.50				1.50



																																				-15.00				2.74				3.20				1.37



																																				-33.00				1.71				2.00				0.86



																																				-75.00				0.00				0.00				0.00











				



																																								April/May				6																												June/Sept				5.8																												Oct/Nov				3.45																												Dec/March				3.1																												4-season				Spring				7.5134146341												April/May				6								5.8666666667								0.5166666667



																																																																																																																																																																												Summer				6.256043956												June/Sept				5.8																0.5344827586



																																								5.9				6.0				6.9				6.0				6.9																5.9				5.8				6.5				5.8				6.5																3.7				3.3				4.0				3.3				4.0																3.8				1.8				3.1				1.8				2.3																				Fall				4.286440678												Oct/Nov				3.45								3.2166666667								0.8985507246



																																																																																																																																																																												Winter																Dec/March				3.1



								Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																				Spring				7.9481481481



								Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																				Summer				6.4293478261



				DOY																																91.5				6.1																												152.5				7.1				8.05				9.08				8.05				9.08												274.5				3.8				3.91				4.36				3.91				4.36												335.5				0.4				0.61				0.75				0.61				0.75																				Fall				4.2694915254												April/May				7.4824561404								6.979337232								3.8659356725



				72.5				6.8																												92.5				5.8																												153.5				7.3				7.69				8.83				7.69				8.83												275.5				5.0				4.37				5.05				4.37				5.05												336.5				0.6				0.38				0.46				0.38				0.46																				Winter																June/Sept				6.7277777778																3.5958812261				3.7736457794



				73.5				7.1																												93.5				4.9																												154.5				6.6				7.44				8.52				7.44				8.52												276.5				5.4				4.99				5.66				4.99				5.66												337.5				3.7				2.07				2.48				2.07				2.48																																				Oct/Nov				4.2948275862								3.9449425287								3.8591204398



				74.5				7.2																												94.5				5.2																												155.5				4.5				5.71				6.58				5.71				6.58												277.5				5.8				5.01				5.78				5.01				5.78												338.5				3.7				2.23				2.72				2.23				2.72																Averages				Spring				7.7307813911				7.0367386411								Dec/March				3.77



				75.5				7.1																												95.5				6.4																												156.5				5.9				7.88				8.72				7.88				8.72												278.5				5.5				4.95				5.8				4.95				5.8												339.5				3.5				2.46				2.98				2.46				2.98																				Summer				6.3426958911



				76.5				4.7																												96.5				6.3																												157.5				6.6				7.97				9.5				7.97				9.5												279.5				4.8				5.05				5.81				5.05				5.81												340.5				2.2				2.12				2.64				2.12				2.64																				Fall				4.2779661017



				77.5				7.8																												97.5				6.2																												158.5				5.1				5.3				6.45				5.3				6.45												280.5				1.2				1.62				1.94				1.62				1.94												341.5				1.5				1.24				1.46				1.24				1.46																				Winter



				78.5				7.3																												98.5				6.2																												159.5				7.6				6.76				7.85				6.76				7.85												281.5				4.8				3.69				4.4				3.69				4.4												342.5				2.7				2.31				2.87				2.31				2.87



				79.5				5.3																												99.5				5.9																												160.5				7.6				7.3				8.52				7.3				8.52												282.5				5.7				4.77				5.54				4.77				5.54												343.5				3.3				2.1				2.81				2.1				2.81																2-season				Growing				6.8520231214



				80.5				5.4								6.72																				100.5				5.1				5.99				6.93				5.99				6.93												161.5				7.4				7.47				8.68				7.47				8.68												283.5				5.2				5.6				6.31				5.6				6.31												344.5				3.0				1.7				2.17				1.7				2.17																				Nongrowing				4.286440678



				81.5				5.0								6.29																				101.5				4.9				3.95				5.08				3.95				5.08												162.5				7.4				7.18				8.27				7.18				8.27												284.5				4.6				5.75				6.59				5.75				6.59												345.5				2.9				1.49				2.27				1.49				2.27																				Growing				7.1404624277



				82.5				5.3								6.86																				102.5				6.5				5.54				6.66				5.54				6.66												163.5				7.3				7.41				8.56				7.41				8.56												285.5				5.3				3.91				5				3.91				5												346.5				2.8				1.89				2.61				1.89				2.61																				Nongrowing				4.2694915254



				83.5				5.7								6.46																				103.5				6.5				5.53				6.73				5.53				6.73												164.5				7.4				8.33				9.55				8.33				9.55												286.5				5.2				4.4				5.32				4.4				5.32												347.5				3.3				2.25				2.82				2.25				2.82



				84.5				5.8								6.29																				104.5				6.4				5.78				6.74				5.78				6.74												165.5				7.5				8				9.26				8				9.26												287.5				4.7				4.43				5.22				4.43				5.22												348.5				2.2				1.73				2.23				1.73				2.23																Averages				Growing				6.9962427746				mm/day



				85.5				2.5								2.46																				105.5				6.4				5.79				6.88				5.79				6.88												166.5				7.3				7.7				8.69				7.7				8.69												288.5				4.8				4.13				5				4.13				5												349.5				3.2				2.29				2.81				2.29				2.81																				Nongrowing				4.2779661017				mm/day



				86.5				6.1								6.29																				106.5				4.9				4.94				5.94				4.94				5.94												167.5				7.7				6.81				7.95				6.81				7.95												289.5				4.6				4.52				5.37				4.52				5.37												350.5				3.1				2.44				2.95				2.44				2.95



				87.5				5.7								6.11																				107.5				1.7				1.99				2.43				1.99				2.43												168.5				7.6				7.1				8.27				7.1				8.27												290.5				4.6				4.14				5.03				4.14				5.03												351.5				3.0				2.45				2.99				2.45				2.99																Averages				Growing				0.0069962428				m/day



				88.5				5.3								5.66																				108.5				6.7				5.36				6.2				5.36				6.2												169.5				7.4				7.98				9				7.98				9												291.5				4.6				4.28				5.09				4.28				5.09												352.5				2.4				3.74				4.39				3.74				4.39																				Nongrowing				0.0042779661				m/day



				89.5				4.8								5.44																				109.5				6.3				6.11				7.03				6.11				7.03												170.5				5.3				6.81				7.5				6.81				7.5												292.5				4.6				4.43				5.36				4.43				5.36												353.5				1.9				1.62				2.2				1.62				2.2



				90.5				2.7																												110.5				6.2				6.55				7.51				6.55				7.51												171.5				6.9				7.69				8.62				7.69				8.62												293.5				4.0				3.8				4.53				3.8				4.53												354.5				1.2				0.7				0.83				0.7				0.83



				91.5				6.1																												111.5				5.6				6.4				7.32				6.4				7.32												172.5				7.2				8.01				8.95				8.01				8.95												294.5				2.6				2.36				2.85				2.36				2.85												355.5				2.5				1.52				2.14				1.52				2.14



				92.5				5.8																												112.5				5.9				6.57				7.57				6.57				7.57												173.5				7.5				8.32				9.52				8.32				9.52												295.5				3.8				2.96				3.62				2.96				3.62												356.5				2.2				0.86				1.34				0.86				1.34



				93.5				4.9																												113.5				5.1				7.32				8				7.32				8												174.5				7.5				8.06				9.21				8.06				9.21												296.5				4.8				3.88				4.54				3.88				4.54												357.5				2.7				1.52				1.83				1.52				1.83



				94.5				5.2																												114.5				3.6				4.77				5.76				4.77				5.76												175.5				7.6				7.94				9.08				7.94				9.08												297.5				3.8				4.06				4.75				4.06				4.75												358.5				2.9				1.57				2.01				1.57				2.01



				95.5				6.4																												115.5				6.2				4.56				5.8				4.56				5.8												176.5				7.5				7.79				8.99				7.79				8.99												298.5				4.4				3.69				4.6				3.69				4.6												359.5				2.1				1.17				1.43				1.17				1.43



				96.5				6.3																												116.5				6.8				5.02				6.06				5.02				6.06												177.5				6.7				7.1				8.19				7.1				8.19												299.5				4.4				3.19				3.99				3.19				3.99												360.5				3.1				1.47				2				1.47				2



				97.5				6.2																												117.5				6.7				6.22				7.16				6.22				7.16												178.5				6.3				6.99				7.99				6.99				7.99												300.5				1.7				1.47				2.05				1.47				2.05												361.5				3.6				1.93				2.39				1.93				2.39



				98.5				6.2																												118.5				6.4				6.73				7.78				6.73				7.78												179.5				6.9				7.17				8.23				7.17				8.23												301.5				4.1				3.16				3.95				3.16				3.95												362.5				2.8				1.77				2.38				1.77				2.38



				99.5				5.9																												119.5				5.7				7.03				8.02				7.03				8.02												180.5				7.0				7.15				8.3				7.15				8.3												302.5				4.0				3.47				4.14				3.47				4.14												363.5				3.4				2.22				2.68				2.22				2.68



				100.5				5.1				5.99				6.93				5.99				6.93												120.5				5.3				5.87				6.75				5.87				6.75												181.5				7.7				8.32				9.43				8.32				9.43												303.5				4.1				3.56				4.33				3.56				4.33												364.5				2.2				1.53				1.91				1.53				1.91



				101.5				4.9				3.95				5.08				3.95				5.08												121.5				6.6				7.21				8.39				7.21				8.39												182.5				7.5				8.36				9.41				8.36				9.41												304.5				3.8				3.68				4.39				3.68				4.39												365.5				3.5				2.37				2.84				2.37				2.84



				102.5				6.5				5.54				6.66				5.54				6.66												122.5				6.6				6.52				7.59				6.52				7.59												183.5				7.1				8.19				9.15				8.19				9.15												305.5				3.9				3.74				4.49				3.74				4.49												1				3.4



				103.5				6.5				5.53				6.73				5.53				6.73												123.5				6.0				6.52				7.53				6.52				7.53												184.5				7.4				8.86				9.77				8.86				9.77												306.5				3.8				3.46				4.28				3.46				4.28												2				2.7



				104.5				6.4				5.78				6.74				5.78				6.74												124.5				5.4				6.11				7.03				6.11				7.03												185.5				7.6				8.55				9.51				8.55				9.51												307.5				3.7				3.49				4.3				3.49				4.3												3				2.4



				105.5				6.4				5.79				6.88				5.79				6.88												125.5				6.0				6.54				7.5				6.54				7.5												186.5				7.4				8.22				9.01				8.22				9.01												308.5				2.5				2.65				3.39				2.65				3.39												4				2.7



				106.5				4.9				4.94				5.94				4.94				5.94												126.5				6.6				7.38				8.4				7.38				8.4												187.5				7.1				8.43				9.22				8.43				9.22												309.5				3.6				3.66				4.46				3.66				4.46												5				3.1



				107.5				1.7				1.99				2.43				1.99				2.43												127.5				5.7				6.27				7.26				6.27				7.26												188.5				4.7				5.43				5.88				5.43				5.88												310.5				2.4				2.58				3.26				2.58				3.26												6				3.6



				108.5				6.7				5.36				6.2				5.36				6.2												128.5				6.8				7.31				8.42				7.31				8.42												189.5				5.7				6.43				7.09				6.43				7.09												311.5				3.6				3.59				4.47				3.59				4.47												7				3.6



				109.5				6.3				6.11				7.03				6.11				7.03												129.5				4.8				5.55				6.38				5.55				6.38												190.5				4.4				5.22				5.82				5.22				5.82												312.5				3.5				3.35				4.03				3.35				4.03												8				1.9



				110.5				6.2				6.55				7.51				6.55				7.51												130.5				4.1				4.57				5.24				4.57				5.24												191.5				4.9				5.89				6.52				5.89				6.52												313.5				3.8				3.5				4.3				3.5				4.3												9				3.3



				111.5				5.6				6.4				7.32				6.4				7.32												131.5				4.5				4.4				5.17				4.4				5.17												192.5				7.6				7.67				8.73				7.67				8.73												314.5				2.8				3.04				3.72				3.04				3.72												10				3.1



				112.5				5.9				6.57				7.57				6.57				7.57												132.5				5.3				5.04				5.86				5.04				5.86												193.5				7.9				8.12				9.39				8.12				9.39												315.5				0.5				1.19				1.35				1.19				1.35												11				2.8



				113.5				5.1				7.32				8				7.32				8												133.5				6.4				6.7				7.61				6.7				7.61												194.5				6.4				6.42				7.48				6.42				7.48												316.5				1.1				1				1.19				1				1.19												12				3.8



				114.5				3.6				4.77				5.76				4.77				5.76												134.5				6.5				7.07				7.88				7.07				7.88												195.5				6.5				7.02				8.05				7.02				8.05												317.5				4.0				2.52				3.27				2.52				3.27												13				2.9



				115.5				6.2				4.56				5.8				4.56				5.8												135.5				5.9				6.77				7.45				6.77				7.45												196.5				4.9				5.98				6.7				5.98				6.7												318.5				2.3				1.96				2.57				1.96				2.57												14				3.7



				116.5				6.8				5.02				6.06				5.02				6.06												136.5				4.1				4.57				5.23				4.57				5.23												197.5				7.5				8.43				9.23				8.43				9.23												319.5				4.2				2.75				3.26				2.75				3.26												15				3.8



				117.5				6.7				6.22				7.16				6.22				7.16												137.5				5.5				5.68				6.34				5.68				6.34												198.5				7.1				8.14				8.83				8.14				8.83												320.5				4.1				2.69				3.24				2.69				3.24												16				3.3



				118.5				6.4				6.73				7.78				6.73				7.78												138.5				2.2				2.6				2.95				2.6				2.95												199.5				4.7				5.76				6.18				5.76				6.18												321.5				3.6				2.81				3.34				2.81				3.34												17				3.4



				119.5				5.7				7.03				8.02				7.03				8.02												139.5				7.2				6.77				7.87				6.77				7.87												200.5				3.0				2.77				3.17				2.77				3.17												322.5				3.7				2.75				3.3				2.75				3.3												18				3.4



				120.5				5.3				5.87				6.75				5.87				6.75												140.5				6.4				5.02				5.84				5.02				5.84												201.5				3.1				2.55				2.9				2.55				2.9												323.5				3.5				2.76				3.5				2.76				3.5												19				1.4



				121.5				6.6				7.21				8.39				7.21				8.39												141.5				7.9				6.65				7.79				6.65				7.79												202.5				6.3				4.71				5.63				4.71				5.63												324.5				2.7				2.81				3.29				2.81				3.29												20				2.7



				122.5				6.6				6.52				7.59				6.52				7.59												142.5				6.6				6.1				7.08				6.1				7.08												203.5				6.8				5.92				6.62				5.92				6.62												325.5				3.2				2.58				3.1				2.58				3.1												21				2.7



				123.5				6.0				6.52				7.53				6.52				7.53												143.5				5.5				5.48				6.3				5.48				6.3												204.5				5.6				5.34				6.14				5.34				6.14												326.5				3.2				2.49				3.22				2.49				3.22												22				3.6



				124.5				5.4				6.11				7.03				6.11				7.03												144.5				6.3				6.37				7.47				6.37				7.47												205.5				6.6				6.69				7.63				6.69				7.63												327.5				3.1				2.57				3.23				2.57				3.23												23				4.0



				125.5				6.0				6.54				7.5				6.54				7.5												145.5				7.5				6.92				8.24				6.92				8.24												206.5				4.0				4.6				5.14				4.6				5.14												328.5				3.3				2.87				3.55				2.87				3.55												24				3.5



				126.5				6.6				7.38				8.4				7.38				8.4												146.5				7.5				7.01				8.13				7.01				8.13												207.5				2.9				3.03				3.33				3.03				3.33												329.5				2.6				2.41				3.14				2.41				3.14												25				3.6



				127.5				5.7				6.27				7.26				6.27				7.26												147.5				7.2				6.8				7.86				6.8				7.86												208.5				5.5				4.9				5.5				4.9				5.5												330.5				0.7				3.2				3.36				3.2				3.36												26				3.6



				128.5				6.8				7.31				8.42				7.31				8.42												148.5				6.7				6.81				7.88				6.81				7.88												209.5				5.6				4.93				5.53				4.93				5.53												331.5				1.4				1.93				2.17				1.93				2.17												27				2.6



				129.5				4.8				5.55				6.38				5.55				6.38												149.5				6.9				7.32				8.37				7.32				8.37												210.5				3.5				3.41				3.86				3.41				3.86												332.5				3.8				2.3				2.81				2.3				2.81												28				3.5



				130.5				4.1				4.57				5.24				4.57				5.24												150.5				7.1				7.57				8.6				7.57				8.6												211.5				6.3				5.53				6.26				5.53				6.26												333.5				3.7				2.36				3.02				2.36				3.02												29				3.6



				131.5				4.5				4.4				5.17				4.4				5.17												151.5				7.1				7.82				8.83				7.82				8.83												212.5				6.5				5.86				6.53				5.86				6.53												334.5				0.6				1.31				1.5				1.31				1.5												30				3.8



				132.5				5.3				5.04				5.86				5.04				5.86																																												213.5				7.3				6.27				6.99				6.27				6.99																																												31				3.6



				133.5				6.4				6.7				7.61				6.7				7.61																																												214.5				5.3				4.42				4.91				4.42				4.91																																												32				4.0



				134.5				6.5				7.07				7.88				7.07				7.88																																												215.5				3.7				3.02				3.41				3.02				3.41																																												33				4.1



				135.5				5.9				6.77				7.45				6.77				7.45																																												216.5				6.7				6.09				6.9				6.09				6.9																																												34				3.8



				136.5				4.1				4.57				5.23				4.57				5.23																																												217.5				5.0				4.71				5.25				4.71				5.25																																												35				2.4



				137.5				5.5				5.68				6.34				5.68				6.34																																												218.5				6.5				5.17				5.8				5.17				5.8																																												36				4.6



				138.5				2.2				2.6				2.95				2.6				2.95																																												219.5				5.2				4.53				5.08				4.53				5.08																																												37				4.9



				139.5				7.2				6.77				7.87				6.77				7.87																																												220.5				3.1				3.03				3.37				3.03				3.37																																												38				4.4



				140.5				6.4				5.02				5.84				5.02				5.84																																												221.5				4.3				3.4				3.9				3.4				3.9																																												39				3.3



				141.5				7.9				6.65				7.79				6.65				7.79																																												222.5				6.1				4.75				5.49				4.75				5.49																																												40				2.5



				142.5				6.6				6.1				7.08				6.1				7.08																																												223.5				6.8				6.1				7.01				6.1				7.01																																												41				4.8



				143.5				5.5				5.48				6.3				5.48				6.3																																												224.5				2.2				2.27				2.59				2.27				2.59																																												42				4.3



				144.5				6.3				6.37				7.47				6.37				7.47																																												225.5				6.1				5.3				5.96				5.3				5.96																																												43				4.7



				145.5				7.5				6.92				8.24				6.92				8.24																																												226.5				5.2				4.63				5.22				4.63				5.22																																												44				1.9



				146.5				7.5				7.01				8.13				7.01				8.13																																												227.5				4.6				4.29				4.81				4.29				4.81																																												45				4.2



				147.5				7.2				6.8				7.86				6.8				7.86																																												228.5				5.2				4.62				5.2				4.62				5.2																																												46				2.7



				148.5				6.7				6.81				7.88				6.81				7.88																																												229.5				3.4				2.89				3.22				2.89				3.22																																												47				4.8



				149.5				6.9				7.32				8.37				7.32				8.37																																												230.5				6.2				4.85				5.46				4.85				5.46																																												48				1.8



				150.5				7.1				7.57				8.6				7.57				8.6																																												231.5				7.5				6.57				7.34				6.57				7.34																																												49				1.7



				151.5				7.1				7.82				8.83				7.82				8.83																																												232.5				6.2				5.88				6.45				5.88				6.45																																												50				5.2



				152.5				7.1				8.05				9.08				8.05				9.08																																												233.5				7.4				6.51				7.23				6.51				7.23																																												51				2.4



				153.5				7.3				7.69				8.83				7.69				8.83																																												234.5				5.1				4.47				5.12				4.47				5.12																																												52				4.5



				154.5				6.6				7.44				8.52				7.44				8.52																																												235.5				4.1				3.76				4.27				3.76				4.27																																												53				5.4



				155.5				4.5				5.71				6.58				5.71				6.58																																												236.5				5.8				5.04				5.64				5.04				5.64																																												54				5.2



				156.5				5.9				7.88				8.72				7.88				8.72																																												237.5				6.2				5.44				6.18				5.44				6.18																																												55				4.3



				157.5				6.6				7.97				9.5				7.97				9.5																																												238.5				7.0				6.35				7.1				6.35				7.1																																												56				3.5



				158.5				5.1				5.3				6.45				5.3				6.45																																												239.5				6.4				5.86				6.72				5.86				6.72																																												57				5.2



				159.5				7.6				6.76				7.85				6.76				7.85																																												240.5				5.3				5.41				5.97				5.41				5.97																																												58				5.2



				160.5				7.6				7.3				8.52				7.3				8.52																																												241.5				5.2				4.84				5.41				4.84				5.41																																												59				5.9



				161.5				7.4				7.47				8.68				7.47				8.68																																												242.5				4.5				3.8				4.35				3.8				4.35																																												60				5.7



				162.5				7.4				7.18				8.27				7.18				8.27																																												243.5				2.9				2.71				3.07				2.71				3.07																																												61				5.4



				163.5				7.3				7.41				8.56				7.41				8.56																																												244.5				6.0				5.69				6.3				5.69				6.3																																												62				5.4



				164.5				7.4				8.33				9.55				8.33				9.55																																												245.5				5.0				4.98				5.56				4.98				5.56																																												63				5.2



				165.5				7.5				8				9.26				8				9.26																																												246.5				4.9				4.82				5.6				4.82				5.6																																												64				4.5



				166.5				7.3				7.7				8.69				7.7				8.69																																												247.5				5.9				5.73				6.6				5.73				6.6																																												65				3.2



				167.5				7.7				6.81				7.95				6.81				7.95																																												248.5				5.1				5.1				5.77				5.1				5.77																																												66				5.2



				168.5				7.6				7.1				8.27				7.1				8.27																																												249.5				4.5				4.16				4.64				4.16				4.64																																												67				6.0



				169.5				7.4				7.98				9				7.98				9																																												250.5				5.4				5.17				5.78				5.17				5.78																																												68				5.8



				170.5				5.3				6.81				7.5				6.81				7.5																																												251.5				6.2				5.94				6.77				5.94				6.77																																												69				5.6



				171.5				6.9				7.69				8.62				7.69				8.62																																												252.5				5.4				5.37				6.06				5.37				6.06																																												70				5.5



				172.5				7.2				8.01				8.95				8.01				8.95																																												253.5				5.0				4.73				5.44				4.73				5.44																																												71				6.0



				173.5				7.5				8.32				9.52				8.32				9.52																																												254.5				4.8				4.37				4.99				4.37				4.99																																												72.5				6.8



				174.5				7.5				8.06				9.21				8.06				9.21																																												255.5				5.3				4.46				5.02				4.46				5.02																																												73.5				7.1



				175.5				7.6				7.94				9.08				7.94				9.08																																												256.5				5.3				4.45				4.98				4.45				4.98																																												74.5				7.2



				176.5				7.5				7.79				8.99				7.79				8.99																																												257.5				4.5				3.97				4.45				3.97				4.45																																												75.5				7.1



				177.5				6.7				7.1				8.19				7.1				8.19																																												258.5				5.7				4.6				5.09				4.6				5.09																																												76.5				4.7



				178.5				6.3				6.99				7.99				6.99				7.99																																												259.5				6.5				5.51				6.11				5.51				6.11																																												77.5				7.8



				179.5				6.9				7.17				8.23				7.17				8.23																																												260.5				5.7				5.25				5.88				5.25				5.88																																												78.5				7.3



				180.5				7.0				7.15				8.3				7.15				8.3																																												261.5				4.3				4.18				4.85				4.18				4.85																																												79.5				5.3



				181.5				7.7				8.32				9.43				8.32				9.43																																												262.5				6.0				5.58				6.31				5.58				6.31																																												80.5				5.4								6.72



				182.5				7.5				8.36				9.41				8.36				9.41																																												263.5				5.2				4.64				5.31				4.64				5.31																																												81.5				5.0								6.29



				183.5				7.1				8.19				9.15				8.19				9.15																																												264.5				3.4				2.44				2.75				2.44				2.75																																												82.5				5.3								6.86



				184.5				7.4				8.86				9.77				8.86				9.77																																												265.5				6.1				4.73				5.37				4.73				5.37																																												83.5				5.7								6.46



				185.5				7.6				8.55				9.51				8.55				9.51																																												266.5				4.9				4.19				4.7				4.19				4.7																																												84.5				5.8								6.29



				186.5				7.4				8.22				9.01				8.22				9.01																																												267.5				2.0				2.25				2.59				2.25				2.59																																												85.5				2.5								2.46



				187.5				7.1				8.43				9.22				8.43				9.22																																												268.5				4.0				3.9				4.69				3.9				4.69																																												86.5				6.1								6.29



				188.5				4.7				5.43				5.88				5.43				5.88																																												269.5				6.0				4.83				5.44				4.83				5.44																																												87.5				5.7								6.11



				189.5				5.7				6.43				7.09				6.43				7.09																																												270.5				6.3				5.03				5.83				5.03				5.83																																												88.5				5.3								5.66



				190.5				4.4				5.22				5.82				5.22				5.82																																												271.5				6.1				5.27				6.07				5.27				6.07																																												89.5				4.8								5.44



				191.5				4.9				5.89				6.52				5.89				6.52																																												272.5				5.1				4.71				5.36				4.71				5.36																																												90.5				2.7



				192.5				7.6				7.67				8.73				7.67				8.73																																												273.5				5.6				5.19				5.79				5.19				5.79



				193.5				7.9				8.12				9.39				8.12				9.39



				194.5				6.4				6.42				7.48				6.42				7.48



				195.5				6.5				7.02				8.05				7.02				8.05



				196.5				4.9				5.98				6.7				5.98				6.7



				197.5				7.5				8.43				9.23				8.43				9.23



				198.5				7.1				8.14				8.83				8.14				8.83



				199.5				4.7				5.76				6.18				5.76				6.18



				200.5				3.0				2.77				3.17				2.77				3.17



				201.5				3.1				2.55				2.9				2.55				2.9



				202.5				6.3				4.71				5.63				4.71				5.63



				203.5				6.8				5.92				6.62				5.92				6.62



				204.5				5.6				5.34				6.14				5.34				6.14



				205.5				6.6				6.69				7.63				6.69				7.63



				206.5				4.0				4.6				5.14				4.6				5.14



				207.5				2.9				3.03				3.33				3.03				3.33



				208.5				5.5				4.9				5.5				4.9				5.5



				209.5				5.6				4.93				5.53				4.93				5.53



				210.5				3.5				3.41				3.86				3.41				3.86



				211.5				6.3				5.53				6.26				5.53				6.26



				212.5				6.5				5.86				6.53				5.86				6.53



				213.5				7.3				6.27				6.99				6.27				6.99



				214.5				5.3				4.42				4.91				4.42				4.91



				215.5				3.7				3.02				3.41				3.02				3.41



				216.5				6.7				6.09				6.9				6.09				6.9



				217.5				5.0				4.71				5.25				4.71				5.25



				218.5				6.5				5.17				5.8				5.17				5.8



				219.5				5.2				4.53				5.08				4.53				5.08



				220.5				3.1				3.03				3.37				3.03				3.37



				221.5				4.3				3.4				3.9				3.4				3.9



				222.5				6.1				4.75				5.49				4.75				5.49



				223.5				6.8				6.1				7.01				6.1				7.01



				224.5				2.2				2.27				2.59				2.27				2.59



				225.5				6.1				5.3				5.96				5.3				5.96



				226.5				5.2				4.63				5.22				4.63				5.22



				227.5				4.6				4.29				4.81				4.29				4.81



				228.5				5.2				4.62				5.2				4.62				5.2



				229.5				3.4				2.89				3.22				2.89				3.22



				230.5				6.2				4.85				5.46				4.85				5.46



				231.5				7.5				6.57				7.34				6.57				7.34



				232.5				6.2				5.88				6.45				5.88				6.45



				233.5				7.4				6.51				7.23				6.51				7.23



				234.5				5.1				4.47				5.12				4.47				5.12



				235.5				4.1				3.76				4.27				3.76				4.27



				236.5				5.8				5.04				5.64				5.04				5.64



				237.5				6.2				5.44				6.18				5.44				6.18



				238.5				7.0				6.35				7.1				6.35				7.1



				239.5				6.4				5.86				6.72				5.86				6.72



				240.5				5.3				5.41				5.97				5.41				5.97



				241.5				5.2				4.84				5.41				4.84				5.41



				242.5				4.5				3.8				4.35				3.8				4.35



				243.5				2.9				2.71				3.07				2.71				3.07



				244.5				6.0				5.69				6.3				5.69				6.3



				245.5				5.0				4.98				5.56				4.98				5.56



				246.5				4.9				4.82				5.6				4.82				5.6



				247.5				5.9				5.73				6.6				5.73				6.6



				248.5				5.1				5.1				5.77				5.1				5.77



				249.5				4.5				4.16				4.64				4.16				4.64



				250.5				5.4				5.17				5.78				5.17				5.78



				251.5				6.2				5.94				6.77				5.94				6.77



				252.5				5.4				5.37				6.06				5.37				6.06



				253.5				5.0				4.73				5.44				4.73				5.44



				254.5				4.8				4.37				4.99				4.37				4.99



				255.5				5.3				4.46				5.02				4.46				5.02



				256.5				5.3				4.45				4.98				4.45				4.98



				257.5				4.5				3.97				4.45				3.97				4.45



				258.5				5.7				4.6				5.09				4.6				5.09



				259.5				6.5				5.51				6.11				5.51				6.11



				260.5				5.7				5.25				5.88				5.25				5.88



				261.5				4.3				4.18				4.85				4.18				4.85



				262.5				6.0				5.58				6.31				5.58				6.31



				263.5				5.2				4.64				5.31				4.64				5.31



				264.5				3.4				2.44				2.75				2.44				2.75



				265.5				6.1				4.73				5.37				4.73				5.37



				266.5				4.9				4.19				4.7				4.19				4.7



				267.5				2.0				2.25				2.59				2.25				2.59



				268.5				4.0				3.9				4.69				3.9				4.69



				269.5				6.0				4.83				5.44				4.83				5.44



				270.5				6.3				5.03				5.83				5.03				5.83



				271.5				6.1				5.27				6.07				5.27				6.07



				272.5				5.1				4.71				5.36				4.71				5.36



				273.5				5.6				5.19				5.79				5.19				5.79



				274.5				3.8				3.91				4.36				3.91				4.36



				275.5				5.0				4.37				5.05				4.37				5.05



				276.5				5.4				4.99				5.66				4.99				5.66



				277.5				5.8				5.01				5.78				5.01				5.78



				278.5				5.5				4.95				5.8				4.95				5.8



				279.5				4.8				5.05				5.81				5.05				5.81



				280.5				1.2				1.62				1.94				1.62				1.94



				281.5				4.8				3.69				4.4				3.69				4.4



				282.5				5.7				4.77				5.54				4.77				5.54



				283.5				5.2				5.6				6.31				5.6				6.31



				284.5				4.6				5.75				6.59				5.75				6.59



				285.5				5.3				3.91				5				3.91				5



				286.5				5.2				4.4				5.32				4.4				5.32



				287.5				4.7				4.43				5.22				4.43				5.22



				288.5				4.8				4.13				5				4.13				5



				289.5				4.6				4.52				5.37				4.52				5.37



				290.5				4.6				4.14				5.03				4.14				5.03



				291.5				4.6				4.28				5.09				4.28				5.09



				292.5				4.6				4.43				5.36				4.43				5.36



				293.5				4.0				3.8				4.53				3.8				4.53



				294.5				2.6				2.36				2.85				2.36				2.85



				295.5				3.8				2.96				3.62				2.96				3.62



				296.5				4.8				3.88				4.54				3.88				4.54



				297.5				3.8				4.06				4.75				4.06				4.75



				298.5				4.4				3.69				4.6				3.69				4.6



				299.5				4.4				3.19				3.99				3.19				3.99



				300.5				1.7				1.47				2.05				1.47				2.05



				301.5				4.1				3.16				3.95				3.16				3.95



				302.5				4.0				3.47				4.14				3.47				4.14



				303.5				4.1				3.56				4.33				3.56				4.33



				304.5				3.8				3.68				4.39				3.68				4.39



				305.5				3.9				3.74				4.49				3.74				4.49



				306.5				3.8				3.46				4.28				3.46				4.28



				307.5				3.7				3.49				4.3				3.49				4.3



				308.5				2.5				2.65				3.39				2.65				3.39



				309.5				3.6				3.66				4.46				3.66				4.46



				310.5				2.4				2.58				3.26				2.58				3.26



				311.5				3.6				3.59				4.47				3.59				4.47



				312.5				3.5				3.35				4.03				3.35				4.03



				313.5				3.8				3.5				4.3				3.5				4.3



				314.5				2.8				3.04				3.72				3.04				3.72



				315.5				0.5				1.19				1.35				1.19				1.35



				316.5				1.1				1				1.19				1				1.19



				317.5				4.0				2.52				3.27				2.52				3.27



				318.5				2.3				1.96				2.57				1.96				2.57



				319.5				4.2				2.75				3.26				2.75				3.26



				320.5				4.1				2.69				3.24				2.69				3.24



				321.5				3.6				2.81				3.34				2.81				3.34



				322.5				3.7				2.75				3.3				2.75				3.3



				323.5				3.5				2.76				3.5				2.76				3.5



				324.5				2.7				2.81				3.29				2.81				3.29



				325.5				3.2				2.58				3.1				2.58				3.1



				326.5				3.2				2.49				3.22				2.49				3.22



				327.5				3.1				2.57				3.23				2.57				3.23



				328.5				3.3				2.87				3.55				2.87				3.55



				329.5				2.6				2.41				3.14				2.41				3.14



				330.5				0.7				3.2				3.36				3.2				3.36



				331.5				1.4				1.93				2.17				1.93				2.17



				332.5				3.8				2.3				2.81				2.3				2.81



				333.5				3.7				2.36				3.02				2.36				3.02



				334.5				0.6				1.31				1.5				1.31				1.5



				335.5				0.4				0.61				0.75				0.61				0.75



				336.5				0.6				0.38				0.46				0.38				0.46



				337.5				3.7				2.07				2.48				2.07				2.48



				338.5				3.7				2.23				2.72				2.23				2.72



				339.5				3.5				2.46				2.98				2.46				2.98



				340.5				2.2				2.12				2.64				2.12				2.64



				341.5				1.5				1.24				1.46				1.24				1.46



				342.5				2.7				2.31				2.87				2.31				2.87



				343.5				3.3				2.1				2.81				2.1				2.81



				344.5				3.0				1.7				2.17				1.7				2.17



				345.5				2.9				1.49				2.27				1.49				2.27



				346.5				2.8				1.89				2.61				1.89				2.61



				347.5				3.3				2.25				2.82				2.25				2.82



				348.5				2.2				1.73				2.23				1.73				2.23



				349.5				3.2				2.29				2.81				2.29				2.81



				350.5				3.1				2.44				2.95				2.44				2.95



				351.5				3.0				2.45				2.99				2.45				2.99



				352.5				2.4				3.74				4.39				3.74				4.39
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								Mesquite				Cottonwood				Saltcedar				Grass				bareground								Emergent												Mesquite				Cottonwood				Saltcedar				Grass				bareground				Emergent				cattails



								mm/day																																April/May				3.33				7.21				5.08				3.03				19.01				7.62																																				Depth to water				april				june				oct



				April/May				1.31				2.84				2.00				1.19				7.48								3.00								June/Sept				10.90				10.66				12.19				8.48				17.09				8.89				inches/day																																20.00				0.00				0.00				0.00



				June/Sept				4.29				4.20				4.80				3.34				6.73								3.50								Oct/Nov				3.76				1.73				5.08				3.68				10.91				3.81																																				0.00				1.97				2.30				0.99



				Oct/Nov				1.48				0.68				2.00				1.45				4.29								1.50								Dec/March				0.00				0.00				0.00				0.00				9.58				0.00																																				-4.00				2.74				3.20				1.37



				Dec/March				0.00				0.00				0.00				0.00				3.77								0.00																																																																				-7.00				3.00				3.50				1.50



																																																																																																				-10.00				3.00				3.50				1.50
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												Cottonwood																mesquite																								sacaton



				1.83				April				30				54.885				2.8412295082								0.919				April				30				27.57				1.3101229508												jan				31



				3.82				May				31				118.43												1.689				May				31				52.3475																feb				28



				5.70				June				30				171.14				4.1950819672								3.963				June				30				118.895				4.2868744313								0.58				march				31



				4.92				July				31				152.38												4.538				July				31				140.669091954												0.66				april				30				19.905				1.1923803279



				3.31				Aug				31				102.46												4.714				Aug				31				146.1405												1.70				may				31				52.8302



				2.86				Sept				30				85.82												3.910				Sept				30				117.29408867												2.67				june				30				80.238				3.3367581967



				1.30				Oct				31				40.24				0.6816393443								2.187				Oct				31				67.794				1.4817957125								3.33				july				31				103.1308



				0.04				Nov				30				1.34												0.753				Nov				30				22.5955384615												4.07				aug				31				126.0987



																																																				3.25				sept				30				97.617



																																																				2.15				ovt				31				66.5291				1.4493131148



																																																				0.73				nov				30				21.879



																																																				0.27				dec				31



																																				emergent



																																				Depth to water				ET flux rate								april				oct



								Mesquite				Cottonwood				Saltcedar				Grass				bareground				Emergent								20				0				0				0				0



				April/May				1.31				2.84				2.00				1.19				7.48				3.00								0				2.3				0.6571428571				1.9714285714				0.9857142857



				June/Sept				4.29				4.20				4.80				3.34				6.73				3.50								-4				3.2				0.9142857143				2.7428571429				1.3714285714



				Oct/Nov				1.48				0.68				2.00				1.45				4.29				1.50								-7				3.5				1				3				1.5



				Dec/March				0.00				0.00				0.00				0.00				3.77				0.00								-10				3.5				1				3				1.5



																																				-15				3.2				0.9142857143				2.7428571429				1.3714285714



																																				-33				2				0.5714285714				1.7142857143				0.8571428571



																																				-75				0				0				0				0



																																				Depth to water				april				june				oct



																																				20.00				0.00				0.00				0.00



																																				0.00				1.97				2.30				0.99



																																				-4.00				2.74				3.20				1.37



																																				-7.00				3.00				3.50				1.50



																																				-10.00				3.00				3.50				1.50



																																				-15.00				2.74				3.20				1.37



																																				-33.00				1.71				2.00				0.86



																																				-75.00				0.00				0.00				0.00











				



																																								April/May				6																												June/Sept				5.8																												Oct/Nov				3.45																												Dec/March				3.1																												4-season				Spring				7.5134146341												April/May				6								5.8666666667								0.5166666667



																																																																																																																																																																												Summer				6.256043956												June/Sept				5.8																0.5344827586



																																								5.9				6.0				6.9				6.0				6.9																5.9				5.8				6.5				5.8				6.5																3.7				3.3				4.0				3.3				4.0																3.8				1.8				3.1				1.8				2.3																				Fall				4.286440678												Oct/Nov				3.45								3.2166666667								0.8985507246



																																																																																																																																																																												Winter																Dec/March				3.1



								Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																				Spring				7.9481481481



								Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																				Summer				6.4293478261



				DOY																																91.5				6.1																												152.5				7.1				8.05				9.08				8.05				9.08												274.5				3.8				3.91				4.36				3.91				4.36												335.5				0.4				0.61				0.75				0.61				0.75																				Fall				4.2694915254												April/May				7.4824561404								6.979337232								3.8659356725



				72.5				6.8																												92.5				5.8																												153.5				7.3				7.69				8.83				7.69				8.83												275.5				5.0				4.37				5.05				4.37				5.05												336.5				0.6				0.38				0.46				0.38				0.46																				Winter																June/Sept				6.7277777778																3.5958812261				3.7736457794



				73.5				7.1																												93.5				4.9																												154.5				6.6				7.44				8.52				7.44				8.52												276.5				5.4				4.99				5.66				4.99				5.66												337.5				3.7				2.07				2.48				2.07				2.48																																				Oct/Nov				4.2948275862								3.9449425287								3.8591204398



				74.5				7.2																												94.5				5.2																												155.5				4.5				5.71				6.58				5.71				6.58												277.5				5.8				5.01				5.78				5.01				5.78												338.5				3.7				2.23				2.72				2.23				2.72																Averages				Spring				7.7307813911				7.0367386411								Dec/March				3.77



				75.5				7.1																												95.5				6.4																												156.5				5.9				7.88				8.72				7.88				8.72												278.5				5.5				4.95				5.8				4.95				5.8												339.5				3.5				2.46				2.98				2.46				2.98																				Summer				6.3426958911



				76.5				4.7																												96.5				6.3																												157.5				6.6				7.97				9.5				7.97				9.5												279.5				4.8				5.05				5.81				5.05				5.81												340.5				2.2				2.12				2.64				2.12				2.64																				Fall				4.2779661017



				77.5				7.8																												97.5				6.2																												158.5				5.1				5.3				6.45				5.3				6.45												280.5				1.2				1.62				1.94				1.62				1.94												341.5				1.5				1.24				1.46				1.24				1.46																				Winter



				78.5				7.3																												98.5				6.2																												159.5				7.6				6.76				7.85				6.76				7.85												281.5				4.8				3.69				4.4				3.69				4.4												342.5				2.7				2.31				2.87				2.31				2.87



				79.5				5.3																												99.5				5.9																												160.5				7.6				7.3				8.52				7.3				8.52												282.5				5.7				4.77				5.54				4.77				5.54												343.5				3.3				2.1				2.81				2.1				2.81																2-season				Growing				6.8520231214



				80.5				5.4								6.72																				100.5				5.1				5.99				6.93				5.99				6.93												161.5				7.4				7.47				8.68				7.47				8.68												283.5				5.2				5.6				6.31				5.6				6.31												344.5				3.0				1.7				2.17				1.7				2.17																				Nongrowing				4.286440678



				81.5				5.0								6.29																				101.5				4.9				3.95				5.08				3.95				5.08												162.5				7.4				7.18				8.27				7.18				8.27												284.5				4.6				5.75				6.59				5.75				6.59												345.5				2.9				1.49				2.27				1.49				2.27																				Growing				7.1404624277



				82.5				5.3								6.86																				102.5				6.5				5.54				6.66				5.54				6.66												163.5				7.3				7.41				8.56				7.41				8.56												285.5				5.3				3.91				5				3.91				5												346.5				2.8				1.89				2.61				1.89				2.61																				Nongrowing				4.2694915254



				83.5				5.7								6.46																				103.5				6.5				5.53				6.73				5.53				6.73												164.5				7.4				8.33				9.55				8.33				9.55												286.5				5.2				4.4				5.32				4.4				5.32												347.5				3.3				2.25				2.82				2.25				2.82



				84.5				5.8								6.29																				104.5				6.4				5.78				6.74				5.78				6.74												165.5				7.5				8				9.26				8				9.26												287.5				4.7				4.43				5.22				4.43				5.22												348.5				2.2				1.73				2.23				1.73				2.23																Averages				Growing				6.9962427746				mm/day



				85.5				2.5								2.46																				105.5				6.4				5.79				6.88				5.79				6.88												166.5				7.3				7.7				8.69				7.7				8.69												288.5				4.8				4.13				5				4.13				5												349.5				3.2				2.29				2.81				2.29				2.81																				Nongrowing				4.2779661017				mm/day



				86.5				6.1								6.29																				106.5				4.9				4.94				5.94				4.94				5.94												167.5				7.7				6.81				7.95				6.81				7.95												289.5				4.6				4.52				5.37				4.52				5.37												350.5				3.1				2.44				2.95				2.44				2.95



				87.5				5.7								6.11																				107.5				1.7				1.99				2.43				1.99				2.43												168.5				7.6				7.1				8.27				7.1				8.27												290.5				4.6				4.14				5.03				4.14				5.03												351.5				3.0				2.45				2.99				2.45				2.99																Averages				Growing				0.0069962428				m/day



				88.5				5.3								5.66																				108.5				6.7				5.36				6.2				5.36				6.2												169.5				7.4				7.98				9				7.98				9												291.5				4.6				4.28				5.09				4.28				5.09												352.5				2.4				3.74				4.39				3.74				4.39																				Nongrowing				0.0042779661				m/day



				89.5				4.8								5.44																				109.5				6.3				6.11				7.03				6.11				7.03												170.5				5.3				6.81				7.5				6.81				7.5												292.5				4.6				4.43				5.36				4.43				5.36												353.5				1.9				1.62				2.2				1.62				2.2



				90.5				2.7																												110.5				6.2				6.55				7.51				6.55				7.51												171.5				6.9				7.69				8.62				7.69				8.62												293.5				4.0				3.8				4.53				3.8				4.53												354.5				1.2				0.7				0.83				0.7				0.83



				91.5				6.1																												111.5				5.6				6.4				7.32				6.4				7.32												172.5				7.2				8.01				8.95				8.01				8.95												294.5				2.6				2.36				2.85				2.36				2.85												355.5				2.5				1.52				2.14				1.52				2.14



				92.5				5.8																												112.5				5.9				6.57				7.57				6.57				7.57												173.5				7.5				8.32				9.52				8.32				9.52												295.5				3.8				2.96				3.62				2.96				3.62												356.5				2.2				0.86				1.34				0.86				1.34



				93.5				4.9																												113.5				5.1				7.32				8				7.32				8												174.5				7.5				8.06				9.21				8.06				9.21												296.5				4.8				3.88				4.54				3.88				4.54												357.5				2.7				1.52				1.83				1.52				1.83



				94.5				5.2																												114.5				3.6				4.77				5.76				4.77				5.76												175.5				7.6				7.94				9.08				7.94				9.08												297.5				3.8				4.06				4.75				4.06				4.75												358.5				2.9				1.57				2.01				1.57				2.01



				95.5				6.4																												115.5				6.2				4.56				5.8				4.56				5.8												176.5				7.5				7.79				8.99				7.79				8.99												298.5				4.4				3.69				4.6				3.69				4.6												359.5				2.1				1.17				1.43				1.17				1.43



				96.5				6.3																												116.5				6.8				5.02				6.06				5.02				6.06												177.5				6.7				7.1				8.19				7.1				8.19												299.5				4.4				3.19				3.99				3.19				3.99												360.5				3.1				1.47				2				1.47				2



				97.5				6.2																												117.5				6.7				6.22				7.16				6.22				7.16												178.5				6.3				6.99				7.99				6.99				7.99												300.5				1.7				1.47				2.05				1.47				2.05												361.5				3.6				1.93				2.39				1.93				2.39



				98.5				6.2																												118.5				6.4				6.73				7.78				6.73				7.78												179.5				6.9				7.17				8.23				7.17				8.23												301.5				4.1				3.16				3.95				3.16				3.95												362.5				2.8				1.77				2.38				1.77				2.38



				99.5				5.9																												119.5				5.7				7.03				8.02				7.03				8.02												180.5				7.0				7.15				8.3				7.15				8.3												302.5				4.0				3.47				4.14				3.47				4.14												363.5				3.4				2.22				2.68				2.22				2.68



				100.5				5.1				5.99				6.93				5.99				6.93												120.5				5.3				5.87				6.75				5.87				6.75												181.5				7.7				8.32				9.43				8.32				9.43												303.5				4.1				3.56				4.33				3.56				4.33												364.5				2.2				1.53				1.91				1.53				1.91



				101.5				4.9				3.95				5.08				3.95				5.08												121.5				6.6				7.21				8.39				7.21				8.39												182.5				7.5				8.36				9.41				8.36				9.41												304.5				3.8				3.68				4.39				3.68				4.39												365.5				3.5				2.37				2.84				2.37				2.84



				102.5				6.5				5.54				6.66				5.54				6.66												122.5				6.6				6.52				7.59				6.52				7.59												183.5				7.1				8.19				9.15				8.19				9.15												305.5				3.9				3.74				4.49				3.74				4.49												1				3.4



				103.5				6.5				5.53				6.73				5.53				6.73												123.5				6.0				6.52				7.53				6.52				7.53												184.5				7.4				8.86				9.77				8.86				9.77												306.5				3.8				3.46				4.28				3.46				4.28												2				2.7



				104.5				6.4				5.78				6.74				5.78				6.74												124.5				5.4				6.11				7.03				6.11				7.03												185.5				7.6				8.55				9.51				8.55				9.51												307.5				3.7				3.49				4.3				3.49				4.3												3				2.4



				105.5				6.4				5.79				6.88				5.79				6.88												125.5				6.0				6.54				7.5				6.54				7.5												186.5				7.4				8.22				9.01				8.22				9.01												308.5				2.5				2.65				3.39				2.65				3.39												4				2.7



				106.5				4.9				4.94				5.94				4.94				5.94												126.5				6.6				7.38				8.4				7.38				8.4												187.5				7.1				8.43				9.22				8.43				9.22												309.5				3.6				3.66				4.46				3.66				4.46												5				3.1



				107.5				1.7				1.99				2.43				1.99				2.43												127.5				5.7				6.27				7.26				6.27				7.26												188.5				4.7				5.43				5.88				5.43				5.88												310.5				2.4				2.58				3.26				2.58				3.26												6				3.6



				108.5				6.7				5.36				6.2				5.36				6.2												128.5				6.8				7.31				8.42				7.31				8.42												189.5				5.7				6.43				7.09				6.43				7.09												311.5				3.6				3.59				4.47				3.59				4.47												7				3.6



				109.5				6.3				6.11				7.03				6.11				7.03												129.5				4.8				5.55				6.38				5.55				6.38												190.5				4.4				5.22				5.82				5.22				5.82												312.5				3.5				3.35				4.03				3.35				4.03												8				1.9



				110.5				6.2				6.55				7.51				6.55				7.51												130.5				4.1				4.57				5.24				4.57				5.24												191.5				4.9				5.89				6.52				5.89				6.52												313.5				3.8				3.5				4.3				3.5				4.3												9				3.3



				111.5				5.6				6.4				7.32				6.4				7.32												131.5				4.5				4.4				5.17				4.4				5.17												192.5				7.6				7.67				8.73				7.67				8.73												314.5				2.8				3.04				3.72				3.04				3.72												10				3.1



				112.5				5.9				6.57				7.57				6.57				7.57												132.5				5.3				5.04				5.86				5.04				5.86												193.5				7.9				8.12				9.39				8.12				9.39												315.5				0.5				1.19				1.35				1.19				1.35												11				2.8



				113.5				5.1				7.32				8				7.32				8												133.5				6.4				6.7				7.61				6.7				7.61												194.5				6.4				6.42				7.48				6.42				7.48												316.5				1.1				1				1.19				1				1.19												12				3.8



				114.5				3.6				4.77				5.76				4.77				5.76												134.5				6.5				7.07				7.88				7.07				7.88												195.5				6.5				7.02				8.05				7.02				8.05												317.5				4.0				2.52				3.27				2.52				3.27												13				2.9



				115.5				6.2				4.56				5.8				4.56				5.8												135.5				5.9				6.77				7.45				6.77				7.45												196.5				4.9				5.98				6.7				5.98				6.7												318.5				2.3				1.96				2.57				1.96				2.57												14				3.7



				116.5				6.8				5.02				6.06				5.02				6.06												136.5				4.1				4.57				5.23				4.57				5.23												197.5				7.5				8.43				9.23				8.43				9.23												319.5				4.2				2.75				3.26				2.75				3.26												15				3.8



				117.5				6.7				6.22				7.16				6.22				7.16												137.5				5.5				5.68				6.34				5.68				6.34												198.5				7.1				8.14				8.83				8.14				8.83												320.5				4.1				2.69				3.24				2.69				3.24												16				3.3



				118.5				6.4				6.73				7.78				6.73				7.78												138.5				2.2				2.6				2.95				2.6				2.95												199.5				4.7				5.76				6.18				5.76				6.18												321.5				3.6				2.81				3.34				2.81				3.34												17				3.4



				119.5				5.7				7.03				8.02				7.03				8.02												139.5				7.2				6.77				7.87				6.77				7.87												200.5				3.0				2.77				3.17				2.77				3.17												322.5				3.7				2.75				3.3				2.75				3.3												18				3.4



				120.5				5.3				5.87				6.75				5.87				6.75												140.5				6.4				5.02				5.84				5.02				5.84												201.5				3.1				2.55				2.9				2.55				2.9												323.5				3.5				2.76				3.5				2.76				3.5												19				1.4



				121.5				6.6				7.21				8.39				7.21				8.39												141.5				7.9				6.65				7.79				6.65				7.79												202.5				6.3				4.71				5.63				4.71				5.63												324.5				2.7				2.81				3.29				2.81				3.29												20				2.7



				122.5				6.6				6.52				7.59				6.52				7.59												142.5				6.6				6.1				7.08				6.1				7.08												203.5				6.8				5.92				6.62				5.92				6.62												325.5				3.2				2.58				3.1				2.58				3.1												21				2.7



				123.5				6.0				6.52				7.53				6.52				7.53												143.5				5.5				5.48				6.3				5.48				6.3												204.5				5.6				5.34				6.14				5.34				6.14												326.5				3.2				2.49				3.22				2.49				3.22												22				3.6



				124.5				5.4				6.11				7.03				6.11				7.03												144.5				6.3				6.37				7.47				6.37				7.47												205.5				6.6				6.69				7.63				6.69				7.63												327.5				3.1				2.57				3.23				2.57				3.23												23				4.0



				125.5				6.0				6.54				7.5				6.54				7.5												145.5				7.5				6.92				8.24				6.92				8.24												206.5				4.0				4.6				5.14				4.6				5.14												328.5				3.3				2.87				3.55				2.87				3.55												24				3.5



				126.5				6.6				7.38				8.4				7.38				8.4												146.5				7.5				7.01				8.13				7.01				8.13												207.5				2.9				3.03				3.33				3.03				3.33												329.5				2.6				2.41				3.14				2.41				3.14												25				3.6



				127.5				5.7				6.27				7.26				6.27				7.26												147.5				7.2				6.8				7.86				6.8				7.86												208.5				5.5				4.9				5.5				4.9				5.5												330.5				0.7				3.2				3.36				3.2				3.36												26				3.6



				128.5				6.8				7.31				8.42				7.31				8.42												148.5				6.7				6.81				7.88				6.81				7.88												209.5				5.6				4.93				5.53				4.93				5.53												331.5				1.4				1.93				2.17				1.93				2.17												27				2.6



				129.5				4.8				5.55				6.38				5.55				6.38												149.5				6.9				7.32				8.37				7.32				8.37												210.5				3.5				3.41				3.86				3.41				3.86												332.5				3.8				2.3				2.81				2.3				2.81												28				3.5



				130.5				4.1				4.57				5.24				4.57				5.24												150.5				7.1				7.57				8.6				7.57				8.6												211.5				6.3				5.53				6.26				5.53				6.26												333.5				3.7				2.36				3.02				2.36				3.02												29				3.6



				131.5				4.5				4.4				5.17				4.4				5.17												151.5				7.1				7.82				8.83				7.82				8.83												212.5				6.5				5.86				6.53				5.86				6.53												334.5				0.6				1.31				1.5				1.31				1.5												30				3.8



				132.5				5.3				5.04				5.86				5.04				5.86																																												213.5				7.3				6.27				6.99				6.27				6.99																																												31				3.6



				133.5				6.4				6.7				7.61				6.7				7.61																																												214.5				5.3				4.42				4.91				4.42				4.91																																												32				4.0



				134.5				6.5				7.07				7.88				7.07				7.88																																												215.5				3.7				3.02				3.41				3.02				3.41																																												33				4.1



				135.5				5.9				6.77				7.45				6.77				7.45																																												216.5				6.7				6.09				6.9				6.09				6.9																																												34				3.8



				136.5				4.1				4.57				5.23				4.57				5.23																																												217.5				5.0				4.71				5.25				4.71				5.25																																												35				2.4



				137.5				5.5				5.68				6.34				5.68				6.34																																												218.5				6.5				5.17				5.8				5.17				5.8																																												36				4.6



				138.5				2.2				2.6				2.95				2.6				2.95																																												219.5				5.2				4.53				5.08				4.53				5.08																																												37				4.9



				139.5				7.2				6.77				7.87				6.77				7.87																																												220.5				3.1				3.03				3.37				3.03				3.37																																												38				4.4



				140.5				6.4				5.02				5.84				5.02				5.84																																												221.5				4.3				3.4				3.9				3.4				3.9																																												39				3.3



				141.5				7.9				6.65				7.79				6.65				7.79																																												222.5				6.1				4.75				5.49				4.75				5.49																																												40				2.5



				142.5				6.6				6.1				7.08				6.1				7.08																																												223.5				6.8				6.1				7.01				6.1				7.01																																												41				4.8



				143.5				5.5				5.48				6.3				5.48				6.3																																												224.5				2.2				2.27				2.59				2.27				2.59																																												42				4.3



				144.5				6.3				6.37				7.47				6.37				7.47																																												225.5				6.1				5.3				5.96				5.3				5.96																																												43				4.7



				145.5				7.5				6.92				8.24				6.92				8.24																																												226.5				5.2				4.63				5.22				4.63				5.22																																												44				1.9



				146.5				7.5				7.01				8.13				7.01				8.13																																												227.5				4.6				4.29				4.81				4.29				4.81																																												45				4.2



				147.5				7.2				6.8				7.86				6.8				7.86																																												228.5				5.2				4.62				5.2				4.62				5.2																																												46				2.7



				148.5				6.7				6.81				7.88				6.81				7.88																																												229.5				3.4				2.89				3.22				2.89				3.22																																												47				4.8



				149.5				6.9				7.32				8.37				7.32				8.37																																												230.5				6.2				4.85				5.46				4.85				5.46																																												48				1.8



				150.5				7.1				7.57				8.6				7.57				8.6																																												231.5				7.5				6.57				7.34				6.57				7.34																																												49				1.7



				151.5				7.1				7.82				8.83				7.82				8.83																																												232.5				6.2				5.88				6.45				5.88				6.45																																												50				5.2



				152.5				7.1				8.05				9.08				8.05				9.08																																												233.5				7.4				6.51				7.23				6.51				7.23																																												51				2.4



				153.5				7.3				7.69				8.83				7.69				8.83																																												234.5				5.1				4.47				5.12				4.47				5.12																																												52				4.5



				154.5				6.6				7.44				8.52				7.44				8.52																																												235.5				4.1				3.76				4.27				3.76				4.27																																												53				5.4



				155.5				4.5				5.71				6.58				5.71				6.58																																												236.5				5.8				5.04				5.64				5.04				5.64																																												54				5.2



				156.5				5.9				7.88				8.72				7.88				8.72																																												237.5				6.2				5.44				6.18				5.44				6.18																																												55				4.3



				157.5				6.6				7.97				9.5				7.97				9.5																																												238.5				7.0				6.35				7.1				6.35				7.1																																												56				3.5



				158.5				5.1				5.3				6.45				5.3				6.45																																												239.5				6.4				5.86				6.72				5.86				6.72																																												57				5.2



				159.5				7.6				6.76				7.85				6.76				7.85																																												240.5				5.3				5.41				5.97				5.41				5.97																																												58				5.2



				160.5				7.6				7.3				8.52				7.3				8.52																																												241.5				5.2				4.84				5.41				4.84				5.41																																												59				5.9



				161.5				7.4				7.47				8.68				7.47				8.68																																												242.5				4.5				3.8				4.35				3.8				4.35																																												60				5.7



				162.5				7.4				7.18				8.27				7.18				8.27																																												243.5				2.9				2.71				3.07				2.71				3.07																																												61				5.4



				163.5				7.3				7.41				8.56				7.41				8.56																																												244.5				6.0				5.69				6.3				5.69				6.3																																												62				5.4



				164.5				7.4				8.33				9.55				8.33				9.55																																												245.5				5.0				4.98				5.56				4.98				5.56																																												63				5.2



				165.5				7.5				8				9.26				8				9.26																																												246.5				4.9				4.82				5.6				4.82				5.6																																												64				4.5



				166.5				7.3				7.7				8.69				7.7				8.69																																												247.5				5.9				5.73				6.6				5.73				6.6																																												65				3.2



				167.5				7.7				6.81				7.95				6.81				7.95																																												248.5				5.1				5.1				5.77				5.1				5.77																																												66				5.2



				168.5				7.6				7.1				8.27				7.1				8.27																																												249.5				4.5				4.16				4.64				4.16				4.64																																												67				6.0



				169.5				7.4				7.98				9				7.98				9																																												250.5				5.4				5.17				5.78				5.17				5.78																																												68				5.8



				170.5				5.3				6.81				7.5				6.81				7.5																																												251.5				6.2				5.94				6.77				5.94				6.77																																												69				5.6



				171.5				6.9				7.69				8.62				7.69				8.62																																												252.5				5.4				5.37				6.06				5.37				6.06																																												70				5.5



				172.5				7.2				8.01				8.95				8.01				8.95																																												253.5				5.0				4.73				5.44				4.73				5.44																																												71				6.0



				173.5				7.5				8.32				9.52				8.32				9.52																																												254.5				4.8				4.37				4.99				4.37				4.99																																												72.5				6.8



				174.5				7.5				8.06				9.21				8.06				9.21																																												255.5				5.3				4.46				5.02				4.46				5.02																																												73.5				7.1



				175.5				7.6				7.94				9.08				7.94				9.08																																												256.5				5.3				4.45				4.98				4.45				4.98																																												74.5				7.2



				176.5				7.5				7.79				8.99				7.79				8.99																																												257.5				4.5				3.97				4.45				3.97				4.45																																												75.5				7.1



				177.5				6.7				7.1				8.19				7.1				8.19																																												258.5				5.7				4.6				5.09				4.6				5.09																																												76.5				4.7



				178.5				6.3				6.99				7.99				6.99				7.99																																												259.5				6.5				5.51				6.11				5.51				6.11																																												77.5				7.8



				179.5				6.9				7.17				8.23				7.17				8.23																																												260.5				5.7				5.25				5.88				5.25				5.88																																												78.5				7.3



				180.5				7.0				7.15				8.3				7.15				8.3																																												261.5				4.3				4.18				4.85				4.18				4.85																																												79.5				5.3



				181.5				7.7				8.32				9.43				8.32				9.43																																												262.5				6.0				5.58				6.31				5.58				6.31																																												80.5				5.4								6.72



				182.5				7.5				8.36				9.41				8.36				9.41																																												263.5				5.2				4.64				5.31				4.64				5.31																																												81.5				5.0								6.29



				183.5				7.1				8.19				9.15				8.19				9.15																																												264.5				3.4				2.44				2.75				2.44				2.75																																												82.5				5.3								6.86



				184.5				7.4				8.86				9.77				8.86				9.77																																												265.5				6.1				4.73				5.37				4.73				5.37																																												83.5				5.7								6.46



				185.5				7.6				8.55				9.51				8.55				9.51																																												266.5				4.9				4.19				4.7				4.19				4.7																																												84.5				5.8								6.29



				186.5				7.4				8.22				9.01				8.22				9.01																																												267.5				2.0				2.25				2.59				2.25				2.59																																												85.5				2.5								2.46



				187.5				7.1				8.43				9.22				8.43				9.22																																												268.5				4.0				3.9				4.69				3.9				4.69																																												86.5				6.1								6.29



				188.5				4.7				5.43				5.88				5.43				5.88																																												269.5				6.0				4.83				5.44				4.83				5.44																																												87.5				5.7								6.11



				189.5				5.7				6.43				7.09				6.43				7.09																																												270.5				6.3				5.03				5.83				5.03				5.83																																												88.5				5.3								5.66



				190.5				4.4				5.22				5.82				5.22				5.82																																												271.5				6.1				5.27				6.07				5.27				6.07																																												89.5				4.8								5.44



				191.5				4.9				5.89				6.52				5.89				6.52																																												272.5				5.1				4.71				5.36				4.71				5.36																																												90.5				2.7



				192.5				7.6				7.67				8.73				7.67				8.73																																												273.5				5.6				5.19				5.79				5.19				5.79



				193.5				7.9				8.12				9.39				8.12				9.39



				194.5				6.4				6.42				7.48				6.42				7.48



				195.5				6.5				7.02				8.05				7.02				8.05



				196.5				4.9				5.98				6.7				5.98				6.7



				197.5				7.5				8.43				9.23				8.43				9.23



				198.5				7.1				8.14				8.83				8.14				8.83



				199.5				4.7				5.76				6.18				5.76				6.18



				200.5				3.0				2.77				3.17				2.77				3.17



				201.5				3.1				2.55				2.9				2.55				2.9



				202.5				6.3				4.71				5.63				4.71				5.63



				203.5				6.8				5.92				6.62				5.92				6.62



				204.5				5.6				5.34				6.14				5.34				6.14



				205.5				6.6				6.69				7.63				6.69				7.63



				206.5				4.0				4.6				5.14				4.6				5.14



				207.5				2.9				3.03				3.33				3.03				3.33



				208.5				5.5				4.9				5.5				4.9				5.5



				209.5				5.6				4.93				5.53				4.93				5.53



				210.5				3.5				3.41				3.86				3.41				3.86



				211.5				6.3				5.53				6.26				5.53				6.26



				212.5				6.5				5.86				6.53				5.86				6.53



				213.5				7.3				6.27				6.99				6.27				6.99



				214.5				5.3				4.42				4.91				4.42				4.91



				215.5				3.7				3.02				3.41				3.02				3.41



				216.5				6.7				6.09				6.9				6.09				6.9



				217.5				5.0				4.71				5.25				4.71				5.25



				218.5				6.5				5.17				5.8				5.17				5.8



				219.5				5.2				4.53				5.08				4.53				5.08



				220.5				3.1				3.03				3.37				3.03				3.37



				221.5				4.3				3.4				3.9				3.4				3.9



				222.5				6.1				4.75				5.49				4.75				5.49



				223.5				6.8				6.1				7.01				6.1				7.01



				224.5				2.2				2.27				2.59				2.27				2.59



				225.5				6.1				5.3				5.96				5.3				5.96



				226.5				5.2				4.63				5.22				4.63				5.22



				227.5				4.6				4.29				4.81				4.29				4.81



				228.5				5.2				4.62				5.2				4.62				5.2



				229.5				3.4				2.89				3.22				2.89				3.22



				230.5				6.2				4.85				5.46				4.85				5.46



				231.5				7.5				6.57				7.34				6.57				7.34



				232.5				6.2				5.88				6.45				5.88				6.45



				233.5				7.4				6.51				7.23				6.51				7.23



				234.5				5.1				4.47				5.12				4.47				5.12



				235.5				4.1				3.76				4.27				3.76				4.27



				236.5				5.8				5.04				5.64				5.04				5.64



				237.5				6.2				5.44				6.18				5.44				6.18



				238.5				7.0				6.35				7.1				6.35				7.1



				239.5				6.4				5.86				6.72				5.86				6.72



				240.5				5.3				5.41				5.97				5.41				5.97



				241.5				5.2				4.84				5.41				4.84				5.41



				242.5				4.5				3.8				4.35				3.8				4.35



				243.5				2.9				2.71				3.07				2.71				3.07



				244.5				6.0				5.69				6.3				5.69				6.3



				245.5				5.0				4.98				5.56				4.98				5.56



				246.5				4.9				4.82				5.6				4.82				5.6



				247.5				5.9				5.73				6.6				5.73				6.6



				248.5				5.1				5.1				5.77				5.1				5.77



				249.5				4.5				4.16				4.64				4.16				4.64



				250.5				5.4				5.17				5.78				5.17				5.78



				251.5				6.2				5.94				6.77				5.94				6.77



				252.5				5.4				5.37				6.06				5.37				6.06



				253.5				5.0				4.73				5.44				4.73				5.44



				254.5				4.8				4.37				4.99				4.37				4.99



				255.5				5.3				4.46				5.02				4.46				5.02



				256.5				5.3				4.45				4.98				4.45				4.98



				257.5				4.5				3.97				4.45				3.97				4.45



				258.5				5.7				4.6				5.09				4.6				5.09



				259.5				6.5				5.51				6.11				5.51				6.11



				260.5				5.7				5.25				5.88				5.25				5.88



				261.5				4.3				4.18				4.85				4.18				4.85



				262.5				6.0				5.58				6.31				5.58				6.31



				263.5				5.2				4.64				5.31				4.64				5.31



				264.5				3.4				2.44				2.75				2.44				2.75



				265.5				6.1				4.73				5.37				4.73				5.37



				266.5				4.9				4.19				4.7				4.19				4.7



				267.5				2.0				2.25				2.59				2.25				2.59



				268.5				4.0				3.9				4.69				3.9				4.69



				269.5				6.0				4.83				5.44				4.83				5.44



				270.5				6.3				5.03				5.83				5.03				5.83



				271.5				6.1				5.27				6.07				5.27				6.07



				272.5				5.1				4.71				5.36				4.71				5.36



				273.5				5.6				5.19				5.79				5.19				5.79



				274.5				3.8				3.91				4.36				3.91				4.36



				275.5				5.0				4.37				5.05				4.37				5.05



				276.5				5.4				4.99				5.66				4.99				5.66



				277.5				5.8				5.01				5.78				5.01				5.78



				278.5				5.5				4.95				5.8				4.95				5.8



				279.5				4.8				5.05				5.81				5.05				5.81



				280.5				1.2				1.62				1.94				1.62				1.94



				281.5				4.8				3.69				4.4				3.69				4.4



				282.5				5.7				4.77				5.54				4.77				5.54



				283.5				5.2				5.6				6.31				5.6				6.31



				284.5				4.6				5.75				6.59				5.75				6.59



				285.5				5.3				3.91				5				3.91				5



				286.5				5.2				4.4				5.32				4.4				5.32



				287.5				4.7				4.43				5.22				4.43				5.22



				288.5				4.8				4.13				5				4.13				5



				289.5				4.6				4.52				5.37				4.52				5.37



				290.5				4.6				4.14				5.03				4.14				5.03



				291.5				4.6				4.28				5.09				4.28				5.09



				292.5				4.6				4.43				5.36				4.43				5.36



				293.5				4.0				3.8				4.53				3.8				4.53



				294.5				2.6				2.36				2.85				2.36				2.85



				295.5				3.8				2.96				3.62				2.96				3.62



				296.5				4.8				3.88				4.54				3.88				4.54



				297.5				3.8				4.06				4.75				4.06				4.75



				298.5				4.4				3.69				4.6				3.69				4.6



				299.5				4.4				3.19				3.99				3.19				3.99



				300.5				1.7				1.47				2.05				1.47				2.05



				301.5				4.1				3.16				3.95				3.16				3.95



				302.5				4.0				3.47				4.14				3.47				4.14



				303.5				4.1				3.56				4.33				3.56				4.33



				304.5				3.8				3.68				4.39				3.68				4.39



				305.5				3.9				3.74				4.49				3.74				4.49



				306.5				3.8				3.46				4.28				3.46				4.28



				307.5				3.7				3.49				4.3				3.49				4.3



				308.5				2.5				2.65				3.39				2.65				3.39



				309.5				3.6				3.66				4.46				3.66				4.46



				310.5				2.4				2.58				3.26				2.58				3.26



				311.5				3.6				3.59				4.47				3.59				4.47



				312.5				3.5				3.35				4.03				3.35				4.03



				313.5				3.8				3.5				4.3				3.5				4.3



				314.5				2.8				3.04				3.72				3.04				3.72



				315.5				0.5				1.19				1.35				1.19				1.35



				316.5				1.1				1				1.19				1				1.19



				317.5				4.0				2.52				3.27				2.52				3.27



				318.5				2.3				1.96				2.57				1.96				2.57



				319.5				4.2				2.75				3.26				2.75				3.26



				320.5				4.1				2.69				3.24				2.69				3.24



				321.5				3.6				2.81				3.34				2.81				3.34



				322.5				3.7				2.75				3.3				2.75				3.3



				323.5				3.5				2.76				3.5				2.76				3.5



				324.5				2.7				2.81				3.29				2.81				3.29



				325.5				3.2				2.58				3.1				2.58				3.1



				326.5				3.2				2.49				3.22				2.49				3.22



				327.5				3.1				2.57				3.23				2.57				3.23



				328.5				3.3				2.87				3.55				2.87				3.55



				329.5				2.6				2.41				3.14				2.41				3.14



				330.5				0.7				3.2				3.36				3.2				3.36



				331.5				1.4				1.93				2.17				1.93				2.17



				332.5				3.8				2.3				2.81				2.3				2.81



				333.5				3.7				2.36				3.02				2.36				3.02



				334.5				0.6				1.31				1.5				1.31				1.5



				335.5				0.4				0.61				0.75				0.61				0.75



				336.5				0.6				0.38				0.46				0.38				0.46



				337.5				3.7				2.07				2.48				2.07				2.48



				338.5				3.7				2.23				2.72				2.23				2.72



				339.5				3.5				2.46				2.98				2.46				2.98



				340.5				2.2				2.12				2.64				2.12				2.64



				341.5				1.5				1.24				1.46				1.24				1.46
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				5.70				June				30				171.14				4.1950819672								3.963				June				30				118.895				4.2868744313								0.58				march				31



				4.92				July				31				152.38												4.538				July				31				140.669091954												0.66				april				30				19.905				1.1923803279



				3.31				Aug				31				102.46												4.714				Aug				31				146.1405												1.70				may				31				52.8302



				2.86				Sept				30				85.82												3.910				Sept				30				117.29408867												2.67				june				30				80.238				3.3367581967



				1.30				Oct				31				40.24				0.6816393443								2.187				Oct				31				67.794				1.4817957125								3.33				july				31				103.1308



				0.04				Nov				30				1.34												0.753				Nov				30				22.5955384615												4.07				aug				31				126.0987



																																																				3.25				sept				30				97.617



																																																				2.15				ovt				31				66.5291				1.4493131148



																																																				0.73				nov				30				21.879



																																																				0.27				dec				31



																																				emergent



																																				Depth to water				ET flux rate								april				oct



								Mesquite				Cottonwood				Saltcedar				Grass				bareground				Emergent								20				0				0				0				0



				April/May				1.31				2.84				2.00				1.19				7.48				3.00								0				2.3				0.6571428571				1.9714285714				0.9857142857



				June/Sept				4.29				4.20				4.80				3.34				6.73				3.50								-4				3.2				0.9142857143				2.7428571429				1.3714285714



				Oct/Nov				1.48				0.68				2.00				1.45				4.29				1.50								-7				3.5				1				3				1.5



				Dec/March				0.00				0.00				0.00				0.00				3.77				0.00								-10				3.5				1				3				1.5



																																				-15				3.2				0.9142857143				2.7428571429				1.3714285714



																																				-33				2				0.5714285714				1.7142857143				0.8571428571



																																				-75				0				0				0				0



																																				Depth to water				april				june				oct



																																				20.00				0.00				0.00				0.00



																																				0.00				1.97				2.30				0.99



																																				-4.00				2.74				3.20				1.37



																																				-7.00				3.00				3.50				1.50



																																				-10.00				3.00				3.50				1.50



																																				-15.00				2.74				3.20				1.37



																																				-33.00				1.71				2.00				0.86



																																				-75.00				0.00				0.00				0.00











				



																																								April/May				6																												June/Sept				5.8																												Oct/Nov				3.45																												Dec/March				3.1																												4-season				Spring				7.5134146341												April/May				6								5.8666666667								0.5166666667



																																																																																																																																																																												Summer				6.256043956												June/Sept				5.8																0.5344827586



																																								5.9				6.0				6.9				6.0				6.9																5.9				5.8				6.5				5.8				6.5																3.7				3.3				4.0				3.3				4.0																3.8				1.8				3.1				1.8				2.3																				Fall				4.286440678												Oct/Nov				3.45								3.2166666667								0.8985507246



																																																																																																																																																																												Winter																Dec/March				3.1



								Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																				Spring				7.9481481481



								Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																				Summer				6.4293478261



				DOY																																91.5				6.1																												152.5				7.1				8.05				9.08				8.05				9.08												274.5				3.8				3.91				4.36				3.91				4.36												335.5				0.4				0.61				0.75				0.61				0.75																				Fall				4.2694915254												April/May				7.4824561404								6.979337232								3.8659356725



				72.5				6.8																												92.5				5.8																												153.5				7.3				7.69				8.83				7.69				8.83												275.5				5.0				4.37				5.05				4.37				5.05												336.5				0.6				0.38				0.46				0.38				0.46																				Winter																June/Sept				6.7277777778																3.5958812261				3.7736457794



				73.5				7.1																												93.5				4.9																												154.5				6.6				7.44				8.52				7.44				8.52												276.5				5.4				4.99				5.66				4.99				5.66												337.5				3.7				2.07				2.48				2.07				2.48																																				Oct/Nov				4.2948275862								3.9449425287								3.8591204398



				74.5				7.2																												94.5				5.2																												155.5				4.5				5.71				6.58				5.71				6.58												277.5				5.8				5.01				5.78				5.01				5.78												338.5				3.7				2.23				2.72				2.23				2.72																Averages				Spring				7.7307813911				7.0367386411								Dec/March				3.77



				75.5				7.1																												95.5				6.4																												156.5				5.9				7.88				8.72				7.88				8.72												278.5				5.5				4.95				5.8				4.95				5.8												339.5				3.5				2.46				2.98				2.46				2.98																				Summer				6.3426958911



				76.5				4.7																												96.5				6.3																												157.5				6.6				7.97				9.5				7.97				9.5												279.5				4.8				5.05				5.81				5.05				5.81												340.5				2.2				2.12				2.64				2.12				2.64																				Fall				4.2779661017



				77.5				7.8																												97.5				6.2																												158.5				5.1				5.3				6.45				5.3				6.45												280.5				1.2				1.62				1.94				1.62				1.94												341.5				1.5				1.24				1.46				1.24				1.46																				Winter



				78.5				7.3																												98.5				6.2																												159.5				7.6				6.76				7.85				6.76				7.85												281.5				4.8				3.69				4.4				3.69				4.4												342.5				2.7				2.31				2.87				2.31				2.87



				79.5				5.3																												99.5				5.9																												160.5				7.6				7.3				8.52				7.3				8.52												282.5				5.7				4.77				5.54				4.77				5.54												343.5				3.3				2.1				2.81				2.1				2.81																2-season				Growing				6.8520231214



				80.5				5.4								6.72																				100.5				5.1				5.99				6.93				5.99				6.93												161.5				7.4				7.47				8.68				7.47				8.68												283.5				5.2				5.6				6.31				5.6				6.31												344.5				3.0				1.7				2.17				1.7				2.17																				Nongrowing				4.286440678



				81.5				5.0								6.29																				101.5				4.9				3.95				5.08				3.95				5.08												162.5				7.4				7.18				8.27				7.18				8.27												284.5				4.6				5.75				6.59				5.75				6.59												345.5				2.9				1.49				2.27				1.49				2.27																				Growing				7.1404624277



				82.5				5.3								6.86																				102.5				6.5				5.54				6.66				5.54				6.66												163.5				7.3				7.41				8.56				7.41				8.56												285.5				5.3				3.91				5				3.91				5												346.5				2.8				1.89				2.61				1.89				2.61																				Nongrowing				4.2694915254



				83.5				5.7								6.46																				103.5				6.5				5.53				6.73				5.53				6.73												164.5				7.4				8.33				9.55				8.33				9.55												286.5				5.2				4.4				5.32				4.4				5.32												347.5				3.3				2.25				2.82				2.25				2.82



				84.5				5.8								6.29																				104.5				6.4				5.78				6.74				5.78				6.74												165.5				7.5				8				9.26				8				9.26												287.5				4.7				4.43				5.22				4.43				5.22												348.5				2.2				1.73				2.23				1.73				2.23																Averages				Growing				6.9962427746				mm/day



				85.5				2.5								2.46																				105.5				6.4				5.79				6.88				5.79				6.88												166.5				7.3				7.7				8.69				7.7				8.69												288.5				4.8				4.13				5				4.13				5												349.5				3.2				2.29				2.81				2.29				2.81																				Nongrowing				4.2779661017				mm/day



				86.5				6.1								6.29																				106.5				4.9				4.94				5.94				4.94				5.94												167.5				7.7				6.81				7.95				6.81				7.95												289.5				4.6				4.52				5.37				4.52				5.37												350.5				3.1				2.44				2.95				2.44				2.95



				87.5				5.7								6.11																				107.5				1.7				1.99				2.43				1.99				2.43												168.5				7.6				7.1				8.27				7.1				8.27												290.5				4.6				4.14				5.03				4.14				5.03												351.5				3.0				2.45				2.99				2.45				2.99																Averages				Growing				0.0069962428				m/day



				88.5				5.3								5.66																				108.5				6.7				5.36				6.2				5.36				6.2												169.5				7.4				7.98				9				7.98				9												291.5				4.6				4.28				5.09				4.28				5.09												352.5				2.4				3.74				4.39				3.74				4.39																				Nongrowing				0.0042779661				m/day



				89.5				4.8								5.44																				109.5				6.3				6.11				7.03				6.11				7.03												170.5				5.3				6.81				7.5				6.81				7.5												292.5				4.6				4.43				5.36				4.43				5.36												353.5				1.9				1.62				2.2				1.62				2.2



				90.5				2.7																												110.5				6.2				6.55				7.51				6.55				7.51												171.5				6.9				7.69				8.62				7.69				8.62												293.5				4.0				3.8				4.53				3.8				4.53												354.5				1.2				0.7				0.83				0.7				0.83



				91.5				6.1																												111.5				5.6				6.4				7.32				6.4				7.32												172.5				7.2				8.01				8.95				8.01				8.95												294.5				2.6				2.36				2.85				2.36				2.85												355.5				2.5				1.52				2.14				1.52				2.14



				92.5				5.8																												112.5				5.9				6.57				7.57				6.57				7.57												173.5				7.5				8.32				9.52				8.32				9.52												295.5				3.8				2.96				3.62				2.96				3.62												356.5				2.2				0.86				1.34				0.86				1.34



				93.5				4.9																												113.5				5.1				7.32				8				7.32				8												174.5				7.5				8.06				9.21				8.06				9.21												296.5				4.8				3.88				4.54				3.88				4.54												357.5				2.7				1.52				1.83				1.52				1.83



				94.5				5.2																												114.5				3.6				4.77				5.76				4.77				5.76												175.5				7.6				7.94				9.08				7.94				9.08												297.5				3.8				4.06				4.75				4.06				4.75												358.5				2.9				1.57				2.01				1.57				2.01



				95.5				6.4																												115.5				6.2				4.56				5.8				4.56				5.8												176.5				7.5				7.79				8.99				7.79				8.99												298.5				4.4				3.69				4.6				3.69				4.6												359.5				2.1				1.17				1.43				1.17				1.43



				96.5				6.3																												116.5				6.8				5.02				6.06				5.02				6.06												177.5				6.7				7.1				8.19				7.1				8.19												299.5				4.4				3.19				3.99				3.19				3.99												360.5				3.1				1.47				2				1.47				2



				97.5				6.2																												117.5				6.7				6.22				7.16				6.22				7.16												178.5				6.3				6.99				7.99				6.99				7.99												300.5				1.7				1.47				2.05				1.47				2.05												361.5				3.6				1.93				2.39				1.93				2.39



				98.5				6.2																												118.5				6.4				6.73				7.78				6.73				7.78												179.5				6.9				7.17				8.23				7.17				8.23												301.5				4.1				3.16				3.95				3.16				3.95												362.5				2.8				1.77				2.38				1.77				2.38



				99.5				5.9																												119.5				5.7				7.03				8.02				7.03				8.02												180.5				7.0				7.15				8.3				7.15				8.3												302.5				4.0				3.47				4.14				3.47				4.14												363.5				3.4				2.22				2.68				2.22				2.68



				100.5				5.1				5.99				6.93				5.99				6.93												120.5				5.3				5.87				6.75				5.87				6.75												181.5				7.7				8.32				9.43				8.32				9.43												303.5				4.1				3.56				4.33				3.56				4.33												364.5				2.2				1.53				1.91				1.53				1.91



				101.5				4.9				3.95				5.08				3.95				5.08												121.5				6.6				7.21				8.39				7.21				8.39												182.5				7.5				8.36				9.41				8.36				9.41												304.5				3.8				3.68				4.39				3.68				4.39												365.5				3.5				2.37				2.84				2.37				2.84



				102.5				6.5				5.54				6.66				5.54				6.66												122.5				6.6				6.52				7.59				6.52				7.59												183.5				7.1				8.19				9.15				8.19				9.15												305.5				3.9				3.74				4.49				3.74				4.49												1				3.4



				103.5				6.5				5.53				6.73				5.53				6.73												123.5				6.0				6.52				7.53				6.52				7.53												184.5				7.4				8.86				9.77				8.86				9.77												306.5				3.8				3.46				4.28				3.46				4.28												2				2.7



				104.5				6.4				5.78				6.74				5.78				6.74												124.5				5.4				6.11				7.03				6.11				7.03												185.5				7.6				8.55				9.51				8.55				9.51												307.5				3.7				3.49				4.3				3.49				4.3												3				2.4



				105.5				6.4				5.79				6.88				5.79				6.88												125.5				6.0				6.54				7.5				6.54				7.5												186.5				7.4				8.22				9.01				8.22				9.01												308.5				2.5				2.65				3.39				2.65				3.39												4				2.7



				106.5				4.9				4.94				5.94				4.94				5.94												126.5				6.6				7.38				8.4				7.38				8.4												187.5				7.1				8.43				9.22				8.43				9.22												309.5				3.6				3.66				4.46				3.66				4.46												5				3.1



				107.5				1.7				1.99				2.43				1.99				2.43												127.5				5.7				6.27				7.26				6.27				7.26												188.5				4.7				5.43				5.88				5.43				5.88												310.5				2.4				2.58				3.26				2.58				3.26												6				3.6



				108.5				6.7				5.36				6.2				5.36				6.2												128.5				6.8				7.31				8.42				7.31				8.42												189.5				5.7				6.43				7.09				6.43				7.09												311.5				3.6				3.59				4.47				3.59				4.47												7				3.6



				109.5				6.3				6.11				7.03				6.11				7.03												129.5				4.8				5.55				6.38				5.55				6.38												190.5				4.4				5.22				5.82				5.22				5.82												312.5				3.5				3.35				4.03				3.35				4.03												8				1.9



				110.5				6.2				6.55				7.51				6.55				7.51												130.5				4.1				4.57				5.24				4.57				5.24												191.5				4.9				5.89				6.52				5.89				6.52												313.5				3.8				3.5				4.3				3.5				4.3												9				3.3



				111.5				5.6				6.4				7.32				6.4				7.32												131.5				4.5				4.4				5.17				4.4				5.17												192.5				7.6				7.67				8.73				7.67				8.73												314.5				2.8				3.04				3.72				3.04				3.72												10				3.1



				112.5				5.9				6.57				7.57				6.57				7.57												132.5				5.3				5.04				5.86				5.04				5.86												193.5				7.9				8.12				9.39				8.12				9.39												315.5				0.5				1.19				1.35				1.19				1.35												11				2.8



				113.5				5.1				7.32				8				7.32				8												133.5				6.4				6.7				7.61				6.7				7.61												194.5				6.4				6.42				7.48				6.42				7.48												316.5				1.1				1				1.19				1				1.19												12				3.8



				114.5				3.6				4.77				5.76				4.77				5.76												134.5				6.5				7.07				7.88				7.07				7.88												195.5				6.5				7.02				8.05				7.02				8.05												317.5				4.0				2.52				3.27				2.52				3.27												13				2.9



				115.5				6.2				4.56				5.8				4.56				5.8												135.5				5.9				6.77				7.45				6.77				7.45												196.5				4.9				5.98				6.7				5.98				6.7												318.5				2.3				1.96				2.57				1.96				2.57												14				3.7



				116.5				6.8				5.02				6.06				5.02				6.06												136.5				4.1				4.57				5.23				4.57				5.23												197.5				7.5				8.43				9.23				8.43				9.23												319.5				4.2				2.75				3.26				2.75				3.26												15				3.8



				117.5				6.7				6.22				7.16				6.22				7.16												137.5				5.5				5.68				6.34				5.68				6.34												198.5				7.1				8.14				8.83				8.14				8.83												320.5				4.1				2.69				3.24				2.69				3.24												16				3.3



				118.5				6.4				6.73				7.78				6.73				7.78												138.5				2.2				2.6				2.95				2.6				2.95												199.5				4.7				5.76				6.18				5.76				6.18												321.5				3.6				2.81				3.34				2.81				3.34												17				3.4



				119.5				5.7				7.03				8.02				7.03				8.02												139.5				7.2				6.77				7.87				6.77				7.87												200.5				3.0				2.77				3.17				2.77				3.17												322.5				3.7				2.75				3.3				2.75				3.3												18				3.4



				120.5				5.3				5.87				6.75				5.87				6.75												140.5				6.4				5.02				5.84				5.02				5.84												201.5				3.1				2.55				2.9				2.55				2.9												323.5				3.5				2.76				3.5				2.76				3.5												19				1.4



				121.5				6.6				7.21				8.39				7.21				8.39												141.5				7.9				6.65				7.79				6.65				7.79												202.5				6.3				4.71				5.63				4.71				5.63												324.5				2.7				2.81				3.29				2.81				3.29												20				2.7



				122.5				6.6				6.52				7.59				6.52				7.59												142.5				6.6				6.1				7.08				6.1				7.08												203.5				6.8				5.92				6.62				5.92				6.62												325.5				3.2				2.58				3.1				2.58				3.1												21				2.7



				123.5				6.0				6.52				7.53				6.52				7.53												143.5				5.5				5.48				6.3				5.48				6.3												204.5				5.6				5.34				6.14				5.34				6.14												326.5				3.2				2.49				3.22				2.49				3.22												22				3.6



				124.5				5.4				6.11				7.03				6.11				7.03												144.5				6.3				6.37				7.47				6.37				7.47												205.5				6.6				6.69				7.63				6.69				7.63												327.5				3.1				2.57				3.23				2.57				3.23												23				4.0



				125.5				6.0				6.54				7.5				6.54				7.5												145.5				7.5				6.92				8.24				6.92				8.24												206.5				4.0				4.6				5.14				4.6				5.14												328.5				3.3				2.87				3.55				2.87				3.55												24				3.5



				126.5				6.6				7.38				8.4				7.38				8.4												146.5				7.5				7.01				8.13				7.01				8.13												207.5				2.9				3.03				3.33				3.03				3.33												329.5				2.6				2.41				3.14				2.41				3.14												25				3.6



				127.5				5.7				6.27				7.26				6.27				7.26												147.5				7.2				6.8				7.86				6.8				7.86												208.5				5.5				4.9				5.5				4.9				5.5												330.5				0.7				3.2				3.36				3.2				3.36												26				3.6



				128.5				6.8				7.31				8.42				7.31				8.42												148.5				6.7				6.81				7.88				6.81				7.88												209.5				5.6				4.93				5.53				4.93				5.53												331.5				1.4				1.93				2.17				1.93				2.17												27				2.6



				129.5				4.8				5.55				6.38				5.55				6.38												149.5				6.9				7.32				8.37				7.32				8.37												210.5				3.5				3.41				3.86				3.41				3.86												332.5				3.8				2.3				2.81				2.3				2.81												28				3.5



				130.5				4.1				4.57				5.24				4.57				5.24												150.5				7.1				7.57				8.6				7.57				8.6												211.5				6.3				5.53				6.26				5.53				6.26												333.5				3.7				2.36				3.02				2.36				3.02												29				3.6



				131.5				4.5				4.4				5.17				4.4				5.17												151.5				7.1				7.82				8.83				7.82				8.83												212.5				6.5				5.86				6.53				5.86				6.53												334.5				0.6				1.31				1.5				1.31				1.5												30				3.8



				132.5				5.3				5.04				5.86				5.04				5.86																																												213.5				7.3				6.27				6.99				6.27				6.99																																												31				3.6



				133.5				6.4				6.7				7.61				6.7				7.61																																												214.5				5.3				4.42				4.91				4.42				4.91																																												32				4.0



				134.5				6.5				7.07				7.88				7.07				7.88																																												215.5				3.7				3.02				3.41				3.02				3.41																																												33				4.1



				135.5				5.9				6.77				7.45				6.77				7.45																																												216.5				6.7				6.09				6.9				6.09				6.9																																												34				3.8



				136.5				4.1				4.57				5.23				4.57				5.23																																												217.5				5.0				4.71				5.25				4.71				5.25																																												35				2.4



				137.5				5.5				5.68				6.34				5.68				6.34																																												218.5				6.5				5.17				5.8				5.17				5.8																																												36				4.6



				138.5				2.2				2.6				2.95				2.6				2.95																																												219.5				5.2				4.53				5.08				4.53				5.08																																												37				4.9



				139.5				7.2				6.77				7.87				6.77				7.87																																												220.5				3.1				3.03				3.37				3.03				3.37																																												38				4.4



				140.5				6.4				5.02				5.84				5.02				5.84																																												221.5				4.3				3.4				3.9				3.4				3.9																																												39				3.3



				141.5				7.9				6.65				7.79				6.65				7.79																																												222.5				6.1				4.75				5.49				4.75				5.49																																												40				2.5



				142.5				6.6				6.1				7.08				6.1				7.08																																												223.5				6.8				6.1				7.01				6.1				7.01																																												41				4.8



				143.5				5.5				5.48				6.3				5.48				6.3																																												224.5				2.2				2.27				2.59				2.27				2.59																																												42				4.3



				144.5				6.3				6.37				7.47				6.37				7.47																																												225.5				6.1				5.3				5.96				5.3				5.96																																												43				4.7



				145.5				7.5				6.92				8.24				6.92				8.24																																												226.5				5.2				4.63				5.22				4.63				5.22																																												44				1.9



				146.5				7.5				7.01				8.13				7.01				8.13																																												227.5				4.6				4.29				4.81				4.29				4.81																																												45				4.2



				147.5				7.2				6.8				7.86				6.8				7.86																																												228.5				5.2				4.62				5.2				4.62				5.2																																												46				2.7



				148.5				6.7				6.81				7.88				6.81				7.88																																												229.5				3.4				2.89				3.22				2.89				3.22																																												47				4.8



				149.5				6.9				7.32				8.37				7.32				8.37																																												230.5				6.2				4.85				5.46				4.85				5.46																																												48				1.8



				150.5				7.1				7.57				8.6				7.57				8.6																																												231.5				7.5				6.57				7.34				6.57				7.34																																												49				1.7



				151.5				7.1				7.82				8.83				7.82				8.83																																												232.5				6.2				5.88				6.45				5.88				6.45																																												50				5.2



				152.5				7.1				8.05				9.08				8.05				9.08																																												233.5				7.4				6.51				7.23				6.51				7.23																																												51				2.4



				153.5				7.3				7.69				8.83				7.69				8.83																																												234.5				5.1				4.47				5.12				4.47				5.12																																												52				4.5



				154.5				6.6				7.44				8.52				7.44				8.52																																												235.5				4.1				3.76				4.27				3.76				4.27																																												53				5.4



				155.5				4.5				5.71				6.58				5.71				6.58																																												236.5				5.8				5.04				5.64				5.04				5.64																																												54				5.2



				156.5				5.9				7.88				8.72				7.88				8.72																																												237.5				6.2				5.44				6.18				5.44				6.18																																												55				4.3



				157.5				6.6				7.97				9.5				7.97				9.5																																												238.5				7.0				6.35				7.1				6.35				7.1																																												56				3.5



				158.5				5.1				5.3				6.45				5.3				6.45																																												239.5				6.4				5.86				6.72				5.86				6.72																																												57				5.2



				159.5				7.6				6.76				7.85				6.76				7.85																																												240.5				5.3				5.41				5.97				5.41				5.97																																												58				5.2



				160.5				7.6				7.3				8.52				7.3				8.52																																												241.5				5.2				4.84				5.41				4.84				5.41																																												59				5.9



				161.5				7.4				7.47				8.68				7.47				8.68																																												242.5				4.5				3.8				4.35				3.8				4.35																																												60				5.7



				162.5				7.4				7.18				8.27				7.18				8.27																																												243.5				2.9				2.71				3.07				2.71				3.07																																												61				5.4



				163.5				7.3				7.41				8.56				7.41				8.56																																												244.5				6.0				5.69				6.3				5.69				6.3																																												62				5.4



				164.5				7.4				8.33				9.55				8.33				9.55																																												245.5				5.0				4.98				5.56				4.98				5.56																																												63				5.2



				165.5				7.5				8				9.26				8				9.26																																												246.5				4.9				4.82				5.6				4.82				5.6																																												64				4.5



				166.5				7.3				7.7				8.69				7.7				8.69																																												247.5				5.9				5.73				6.6				5.73				6.6																																												65				3.2



				167.5				7.7				6.81				7.95				6.81				7.95																																												248.5				5.1				5.1				5.77				5.1				5.77																																												66				5.2



				168.5				7.6				7.1				8.27				7.1				8.27																																												249.5				4.5				4.16				4.64				4.16				4.64																																												67				6.0



				169.5				7.4				7.98				9				7.98				9																																												250.5				5.4				5.17				5.78				5.17				5.78																																												68				5.8



				170.5				5.3				6.81				7.5				6.81				7.5																																												251.5				6.2				5.94				6.77				5.94				6.77																																												69				5.6



				171.5				6.9				7.69				8.62				7.69				8.62																																												252.5				5.4				5.37				6.06				5.37				6.06																																												70				5.5



				172.5				7.2				8.01				8.95				8.01				8.95																																												253.5				5.0				4.73				5.44				4.73				5.44																																												71				6.0



				173.5				7.5				8.32				9.52				8.32				9.52																																												254.5				4.8				4.37				4.99				4.37				4.99																																												72.5				6.8



				174.5				7.5				8.06				9.21				8.06				9.21																																												255.5				5.3				4.46				5.02				4.46				5.02																																												73.5				7.1



				175.5				7.6				7.94				9.08				7.94				9.08																																												256.5				5.3				4.45				4.98				4.45				4.98																																												74.5				7.2



				176.5				7.5				7.79				8.99				7.79				8.99																																												257.5				4.5				3.97				4.45				3.97				4.45																																												75.5				7.1



				177.5				6.7				7.1				8.19				7.1				8.19																																												258.5				5.7				4.6				5.09				4.6				5.09																																												76.5				4.7



				178.5				6.3				6.99				7.99				6.99				7.99																																												259.5				6.5				5.51				6.11				5.51				6.11																																												77.5				7.8



				179.5				6.9				7.17				8.23				7.17				8.23																																												260.5				5.7				5.25				5.88				5.25				5.88																																												78.5				7.3



				180.5				7.0				7.15				8.3				7.15				8.3																																												261.5				4.3				4.18				4.85				4.18				4.85																																												79.5				5.3



				181.5				7.7				8.32				9.43				8.32				9.43																																												262.5				6.0				5.58				6.31				5.58				6.31																																												80.5				5.4								6.72



				182.5				7.5				8.36				9.41				8.36				9.41																																												263.5				5.2				4.64				5.31				4.64				5.31																																												81.5				5.0								6.29



				183.5				7.1				8.19				9.15				8.19				9.15																																												264.5				3.4				2.44				2.75				2.44				2.75																																												82.5				5.3								6.86



				184.5				7.4				8.86				9.77				8.86				9.77																																												265.5				6.1				4.73				5.37				4.73				5.37																																												83.5				5.7								6.46



				185.5				7.6				8.55				9.51				8.55				9.51																																												266.5				4.9				4.19				4.7				4.19				4.7																																												84.5				5.8								6.29



				186.5				7.4				8.22				9.01				8.22				9.01																																												267.5				2.0				2.25				2.59				2.25				2.59																																												85.5				2.5								2.46



				187.5				7.1				8.43				9.22				8.43				9.22																																												268.5				4.0				3.9				4.69				3.9				4.69																																												86.5				6.1								6.29



				188.5				4.7				5.43				5.88				5.43				5.88																																												269.5				6.0				4.83				5.44				4.83				5.44																																												87.5				5.7								6.11



				189.5				5.7				6.43				7.09				6.43				7.09																																												270.5				6.3				5.03				5.83				5.03				5.83																																												88.5				5.3								5.66



				190.5				4.4				5.22				5.82				5.22				5.82																																												271.5				6.1				5.27				6.07				5.27				6.07																																												89.5				4.8								5.44



				191.5				4.9				5.89				6.52				5.89				6.52																																												272.5				5.1				4.71				5.36				4.71				5.36																																												90.5				2.7



				192.5				7.6				7.67				8.73				7.67				8.73																																												273.5				5.6				5.19				5.79				5.19				5.79



				193.5				7.9				8.12				9.39				8.12				9.39



				194.5				6.4				6.42				7.48				6.42				7.48



				195.5				6.5				7.02				8.05				7.02				8.05



				196.5				4.9				5.98				6.7				5.98				6.7



				197.5				7.5				8.43				9.23				8.43				9.23



				198.5				7.1				8.14				8.83				8.14				8.83



				199.5				4.7				5.76				6.18				5.76				6.18



				200.5				3.0				2.77				3.17				2.77				3.17



				201.5				3.1				2.55				2.9				2.55				2.9



				202.5				6.3				4.71				5.63				4.71				5.63



				203.5				6.8				5.92				6.62				5.92				6.62



				204.5				5.6				5.34				6.14				5.34				6.14



				205.5				6.6				6.69				7.63				6.69				7.63



				206.5				4.0				4.6				5.14				4.6				5.14



				207.5				2.9				3.03				3.33				3.03				3.33



				208.5				5.5				4.9				5.5				4.9				5.5



				209.5				5.6				4.93				5.53				4.93				5.53



				210.5				3.5				3.41				3.86				3.41				3.86



				211.5				6.3				5.53				6.26				5.53				6.26



				212.5				6.5				5.86				6.53				5.86				6.53



				213.5				7.3				6.27				6.99				6.27				6.99



				214.5				5.3				4.42				4.91				4.42				4.91



				215.5				3.7				3.02				3.41				3.02				3.41



				216.5				6.7				6.09				6.9				6.09				6.9



				217.5				5.0				4.71				5.25				4.71				5.25



				218.5				6.5				5.17				5.8				5.17				5.8



				219.5				5.2				4.53				5.08				4.53				5.08



				220.5				3.1				3.03				3.37				3.03				3.37



				221.5				4.3				3.4				3.9				3.4				3.9



				222.5				6.1				4.75				5.49				4.75				5.49



				223.5				6.8				6.1				7.01				6.1				7.01



				224.5				2.2				2.27				2.59				2.27				2.59



				225.5				6.1				5.3				5.96				5.3				5.96



				226.5				5.2				4.63				5.22				4.63				5.22



				227.5				4.6				4.29				4.81				4.29				4.81



				228.5				5.2				4.62				5.2				4.62				5.2



				229.5				3.4				2.89				3.22				2.89				3.22



				230.5				6.2				4.85				5.46				4.85				5.46



				231.5				7.5				6.57				7.34				6.57				7.34



				232.5				6.2				5.88				6.45				5.88				6.45



				233.5				7.4				6.51				7.23				6.51				7.23



				234.5				5.1				4.47				5.12				4.47				5.12



				235.5				4.1				3.76				4.27				3.76				4.27



				236.5				5.8				5.04				5.64				5.04				5.64



				237.5				6.2				5.44				6.18				5.44				6.18



				238.5				7.0				6.35				7.1				6.35				7.1



				239.5				6.4				5.86				6.72				5.86				6.72



				240.5				5.3				5.41				5.97				5.41				5.97



				241.5				5.2				4.84				5.41				4.84				5.41



				242.5				4.5				3.8				4.35				3.8				4.35



				243.5				2.9				2.71				3.07				2.71				3.07



				244.5				6.0				5.69				6.3				5.69				6.3



				245.5				5.0				4.98				5.56				4.98				5.56



				246.5				4.9				4.82				5.6				4.82				5.6



				247.5				5.9				5.73				6.6				5.73				6.6



				248.5				5.1				5.1				5.77				5.1				5.77



				249.5				4.5				4.16				4.64				4.16				4.64



				250.5				5.4				5.17				5.78				5.17				5.78



				251.5				6.2				5.94				6.77				5.94				6.77



				252.5				5.4				5.37				6.06				5.37				6.06



				253.5				5.0				4.73				5.44				4.73				5.44



				254.5				4.8				4.37				4.99				4.37				4.99



				255.5				5.3				4.46				5.02				4.46				5.02



				256.5				5.3				4.45				4.98				4.45				4.98



				257.5				4.5				3.97				4.45				3.97				4.45



				258.5				5.7				4.6				5.09				4.6				5.09



				259.5				6.5				5.51				6.11				5.51				6.11



				260.5				5.7				5.25				5.88				5.25				5.88



				261.5				4.3				4.18				4.85				4.18				4.85



				262.5				6.0				5.58				6.31				5.58				6.31



				263.5				5.2				4.64				5.31				4.64				5.31



				264.5				3.4				2.44				2.75				2.44				2.75



				265.5				6.1				4.73				5.37				4.73				5.37



				266.5				4.9				4.19				4.7				4.19				4.7



				267.5				2.0				2.25				2.59				2.25				2.59



				268.5				4.0				3.9				4.69				3.9				4.69



				269.5				6.0				4.83				5.44				4.83				5.44



				270.5				6.3				5.03				5.83				5.03				5.83



				271.5				6.1				5.27				6.07				5.27				6.07



				272.5				5.1				4.71				5.36				4.71				5.36



				273.5				5.6				5.19				5.79				5.19				5.79



				274.5				3.8				3.91				4.36				3.91				4.36



				275.5				5.0				4.37				5.05				4.37				5.05



				276.5				5.4				4.99				5.66				4.99				5.66



				277.5				5.8				5.01				5.78				5.01				5.78



				278.5				5.5				4.95				5.8				4.95				5.8



				279.5				4.8				5.05				5.81				5.05				5.81



				280.5				1.2				1.62				1.94				1.62				1.94



				281.5				4.8				3.69				4.4				3.69				4.4



				282.5				5.7				4.77				5.54				4.77				5.54



				283.5				5.2				5.6				6.31				5.6				6.31



				284.5				4.6				5.75				6.59				5.75				6.59



				285.5				5.3				3.91				5				3.91				5



				286.5				5.2				4.4				5.32				4.4				5.32



				287.5				4.7				4.43				5.22				4.43				5.22



				288.5				4.8				4.13				5				4.13				5



				289.5				4.6				4.52				5.37				4.52				5.37



				290.5				4.6				4.14				5.03				4.14				5.03



				291.5				4.6				4.28				5.09				4.28				5.09



				292.5				4.6				4.43				5.36				4.43				5.36



				293.5				4.0				3.8				4.53				3.8				4.53



				294.5				2.6				2.36				2.85				2.36				2.85



				295.5				3.8				2.96				3.62				2.96				3.62



				296.5				4.8				3.88				4.54				3.88				4.54



				297.5				3.8				4.06				4.75				4.06				4.75



				298.5				4.4				3.69				4.6				3.69				4.6



				299.5				4.4				3.19				3.99				3.19				3.99



				300.5				1.7				1.47				2.05				1.47				2.05



				301.5				4.1				3.16				3.95				3.16				3.95



				302.5				4.0				3.47				4.14				3.47				4.14



				303.5				4.1				3.56				4.33				3.56				4.33



				304.5				3.8				3.68				4.39				3.68				4.39



				305.5				3.9				3.74				4.49				3.74				4.49



				306.5				3.8				3.46				4.28				3.46				4.28



				307.5				3.7				3.49				4.3				3.49				4.3



				308.5				2.5				2.65				3.39				2.65				3.39



				309.5				3.6				3.66				4.46				3.66				4.46



				310.5				2.4				2.58				3.26				2.58				3.26



				311.5				3.6				3.59				4.47				3.59				4.47



				312.5				3.5				3.35				4.03				3.35				4.03



				313.5				3.8				3.5				4.3				3.5				4.3



				314.5				2.8				3.04				3.72				3.04				3.72



				315.5				0.5				1.19				1.35				1.19				1.35



				316.5				1.1				1				1.19				1				1.19



				317.5				4.0				2.52				3.27				2.52				3.27



				318.5				2.3				1.96				2.57				1.96				2.57



				319.5				4.2				2.75				3.26				2.75				3.26



				320.5				4.1				2.69				3.24				2.69				3.24



				321.5				3.6				2.81				3.34				2.81				3.34



				322.5				3.7				2.75				3.3				2.75				3.3



				323.5				3.5				2.76				3.5				2.76				3.5



				324.5				2.7				2.81				3.29				2.81				3.29



				325.5				3.2				2.58				3.1				2.58				3.1



				326.5				3.2				2.49				3.22				2.49				3.22



				327.5				3.1				2.57				3.23				2.57				3.23



				328.5				3.3				2.87				3.55				2.87				3.55



				329.5				2.6				2.41				3.14				2.41				3.14



				330.5				0.7				3.2				3.36				3.2				3.36



				331.5				1.4				1.93				2.17				1.93				2.17



				332.5				3.8				2.3				2.81				2.3				2.81



				333.5				3.7				2.36				3.02				2.36				3.02



				334.5				0.6				1.31				1.5				1.31				1.5



				335.5				0.4				0.61				0.75				0.61				0.75



				336.5				0.6				0.38				0.46				0.38				0.46



				337.5				3.7				2.07				2.48				2.07				2.48



				338.5				3.7				2.23				2.72				2.23				2.72



				339.5				3.5				2.46				2.98				2.46				2.98



				340.5				2.2				2.12				2.64				2.12				2.64



				341.5				1.5				1.24				1.46				1.24				1.46



				342.5				2.7				2.31				2.87				2.31				2.87



				343.5				3.3				2.1				2.81				2.1				2.81



				344.5				3.0				1.7				2.17				1.7				2.17



				345.5				2.9				1.49				2.27				1.49				2.27



				346.5				2.8				1.89				2.61				1.89				2.61



				347.5				3.3				2.25				2.82				2.25				2.82



				348.5				2.2				1.73				2.23				1.73				2.23



				349.5				3.2				2.29				2.81				2.29				2.81



				350.5				3.1				2.44				2.95				2.44				2.95



				351.5				3.0				2.45				2.99				2.45				2.99



				352.5				2.4				3.74				4.39				3.74				4.39



				353.5				1.9				1.62				2.2				1.62				2.2



				354.5				1.2				0.7				0.83				0.7				0.83



				355.5				2.5				1.52				2.14				1.52				2.14



				356.5				2.2				0.86				1.34				0.86				1.34



				357.5				2.7				1.52				1.83				1.52				1.83



				358.5				2.9				1.57				2.01				1.57				2.01



				359.5				2.1				1.17				1.43				1.17				1.43



				360.5				3.1				1.47				2				1.47				2



				361.5				3.6				1.93				2.39				1.93				2.39



				362.5				2.8				1.77				2.38				1.77				2.38



				363.5				3.4				2.22				2.68				2.22				2.68



				364.5				2.2				1.53				1.91				1.53				1.91



				365.5				3.5				2.37				2.84				2.37				2.84



				1				3.4



				2				2.7



				3				2.4



				4				2.7



				5				3.1



				6				3.6



				7				3.6



				8				1.9



				9				3.3



				10				3.1



				11				2.8



				12				3.8



				13				2.9



				14				3.7



				15				3.8



				16				3.3



				17				3.4



				18				3.4



				19				1.4



				20				2.7



				21				2.7
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				24				3.5



				25				3.6



				26				3.6



				27				2.6



				28				3.5



				29				3.6



				30				3.8



				31				3.6



				32				4.0



				33				4.1



				34				3.8



				35				2.4



				36				4.6



				37				4.9



				38				4.4



				39				3.3



				40				2.5



				41				4.8



				42				4.3



				43				4.7



				44				1.9



				45				4.2



				46				2.7



				47				4.8



				48				1.8



				49				1.7



				50				5.2



				51				2.4



				52				4.5



				53				5.4



				54				5.2
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				56				3.5



				57				5.2



				58				5.2



				59				5.9



				60				5.7



				61				5.4



				62				5.4



				63				5.2



				64				4.5



				65				3.2



				66				5.2



				67				6.0



				68				5.8



				69				5.6



				70				5.5



				71				6.0



				72				2.5
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SWAT -   Nutrient Flood Flows


KINEROS – Sediment Flood Flows


Flood Flows


Basin Groundwater


Nutrient Rich Downstream 


Flood Waters


In River/Riparian ET/ Nutrient Processing


 MODFLOW/KINEROS/CENTURY/HYDRUS
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Questions


			Are other places like San Pedro and Rio Grande?





Stromberg et al.  Are condition classes transferable?


de la Cruz -  PhD student UA -  How do alluvial aquifers function on the Verde and Rio San Miguel?


Merino -  soon to matriculate PhD student at UA -  How do alluvial aquifers function in Hassayampa and Bill Williams


			What is stability of Vegetation Classification developed for San Pedro?





Stromberg et al.


			How do alluvial aquifer systems influence sustained water quality?





Spatial and temporal variability and structure?  Soto-Lopez


Large floodplain agricultural system of Rio Grande interaction with river?  Oelsner








*





Questions Continued


			What is mechanism of surface-groundwater interaction?





Simpson -  UA MS Hydrometric isotopic tracer linkage


Treese -  UA MS -  Biological or physical clogging – importance of floods


Coupling KINEROS MODFLOW -  Vionet and MS student top be named


			What is role and impact of climate variability?





Hogan, Baird, Meixner Stromberg EPA project


H. Ajami PhD UA


Merino soon PhD UA


 MS student to be named later
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River Flow


Sulfate/Chloride Ratio near San Pedro House
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San Pedro Changes in Runoff


Pool and Coes, 1999


			Decline in runoff


			No change in PPT


			Change in intensity?


			Vegetation change?





			Decline in baseflow


			Change in flood recharge?
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Comparison of Monthly Stream Flow from Three Rivers








*





SUMMER


WINTER
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Figure 1: Map of the study area. Sampling locations are noted by



symbols. The river is divided into wet 



and dry reaches using data collected by the Nature Conservancy i



n June of 2003. Additionally, 



information on condition classes, dividing the riparian area int



o gaining and losing reaches (Stromberg 



et al., in press), is included along the river. Blue areas are g



aining, and green areas are losing; the outline 



of the reaches corresponds to the extent of the San Pedro River 



National Conservation Area. Note the 



presence of the 



Palominas



surface water sampling site in a losing reach, whereas the Here



ford, Highway 



90, and Charleston sampling sites are located in gaining reaches



.



Huachuca Mountains



San Pedro River



Palominas



Hereford



Highway 90



Charleston



5



0



5



Kilometers



N



Losing Reach



Legend:



Gaining Reach



Springs



Surface Water



Precipitation



Mountain Block 



Wells



Mountain Front 



Wells



Basin Wells



Riparian Wells



Perennial Stream



Intermittent Stream



Losing/Gaining reach data from Stromberg et al. (in preparation)



; 



flow permanence data from the Nature Conservancy



Arizona



Sonora, Mexico



Study Area



New Mexico



Nevada



California



Utah



Huachuca Mountains



San Pedro River



Palominas



Hereford



Highway 90



Charleston



5



0



5



Kilometers



5



0



5



Kilometers



N



N



Losing Reach



Legend:



Gaining Reach



Springs



Surface Water



Precipitation



Mountain Block 



Wells



Mountain Front 



Wells



Basin Wells



Riparian Wells



Perennial Stream



Intermittent Stream



Losing/Gaining reach data from Stromberg et al. (in preparation)



; 



flow permanence data from the Nature Conservancy



Arizona



Sonora, Mexico



Study Area



New Mexico



Nevada



California



Utah



Figure 1: Map of the study area. Sampling locations are noted by



symbols. The river is divided into wet 



and dry reaches using data collected by the Nature Conservancy i



n June of 2003. Additionally, 



information on condition classes, dividing the riparian area int



o gaining and losing reaches (Stromberg 



et al., in press), is included along the river. Blue areas are g
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Figure 3: Stable isotopic composition of groundwater. Values for



springs, mountain block wells, and mountain front wells 



are represented as the average value 



±



1



σ



and are discussed in detail in 



Wahi



et al. (in preparation). Summer precipitation 



average is for April 15 through October 15, and winter average i



s for October 15 through April 15.
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Empire Ranch history

		From

		Julia Fonseca

		To

		Leidy, Robert; Goldmann, Elizabeth

		Recipients

		Leidy.Robert@epa.gov; Goldmann.Elizabeth@epa.gov



I hope you enjoy this bit of history, if I didn’t share it with you before.





 





 





Julia Fonseca





Environmental Planning Manager





 





Pima County Office of Sustainability and Conservation





201 N. Stone, 6th floor





Tucson, AZ 85701





(520) 724-6460





Julia.Fonseca@pima.gov
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     Once one of the largest ranches in southern Arizona, the Empire 
Ranch stretched from the Rincon Mountains south to the edge 
of the Canelo Hills near Sonoita (approximate extent outlined at 
left). This land is home to pronghorn antelope and hundreds of 
other species of fish and wildlife. Parts of the Empire Ranch were 
sold off beginning in the early 20th century During the latter half 
of the century efforts began to conserve ranch land under public 
ownership. This poster tells a small part of that history.  



     In 1969 Gulf America Corporation (GAC) bought 
the Empire Ranch. The early 1970s the planning for 
the creation of a satellite city of 180, 000 people in the 
Sonoita Valley was well underway.



GULF AMERICA BUYS EMPIRE RANCH



Development Sequence



     In June 1970 the Empire Ranch plan was heard by 
the Pima County Planning and Zoning Commission. 
Over 150 people appeared to protest the plan.
     The Pima County Board of Supervisors approved 
a portion of the plan, requiring GAC to substantially 
develop 5,300 acres before any additional rezoning 
would be considered. Empire Ranch Area Plan



        By the early 1970s Gulf America Corporation was facing numerous financial 
and other problems. In part to cut its losses GAC decided to sell the 35,000 acre 
Empire Ranch to Anamax Mining Company in 1974 for over $12 million. 
     Anamax bought the ranch for its water rights to develop the Rosemont Mine.  
However, in the mid-1980s it put the ranch up for sale. The land was advertised 
as an investment for developers. Some of the uses promoted were ranchettes and 
investment parcels to be resold to secondary investors and developers.



ANAMAx BUYS EMPIRE RANCH



     Pima County became interested in buying the ranch 
for a natural open space corridor between Oracle and the 
Canelo Hills. It was also concerned with flooding issues as 
Cienega Creek flows into the Tucson basin. Cienega Creek 
also contributes natural recharge to Tucson’s aquifer.
     In 1986, Pima County aquired land along lower 
Cienega Creek that had been part of the Empire Ranch 
in the 1880s.In August 1987 Pima County entered an 
agreement with Anamax to purchase 85,500 acres of 
additional land with bond money and flood control funds. 
Protests arose from the use of flood control money. The 
agreement fell through.



PIMA CoUNtY INtEREStEd 
IN oPEN SPACE



Pima County’s vision for interconnected, interjurisdictional 
open space protection has come closer to reality with 2004 bond 
funding.  The funding was used to acquire the Bar V Ranch, 
Clyne Ranch, and portions of the Sands and Empirita ranches.  
County ranch lands are shown in red and orange within and 
adjacent to the Congressionally designated “Sonoita Valley 
Acquisition Planning District” (black outline).



In addition, The Nature Conservancy brokered many of the 
conservation easements on private land near Las Cienegas. 
Easements (shown in red) are now held by a combination of 
Bureau of Land Management, Arizona Land and Water Trust, 
Audubon and The Nature Conservancy.



AddItIoNAL LANdS PRotECtEd



By Julia Fonseca (Julia.Fonseca@pima.gov), Helen Wilson and Everett Acosta, Pima 
County, with assistance from Gita Bodner, The Nature Conservancy.



     Arizona’s Congressional delegation, Pima 
County and others approached the Bureau of Land 
Management (BLM) about acquiring the land. 
On March 24, 1988 the BLM signed a formal 
agreement acquiring the land in a three-way land 
exchange. Public lands in Tucson (80 acres) and 
Phoenix (41,000 acres) were traded to the private 
investors involved in the trade so that the Empire 
Ranch could be preserved.



BLM subsequently acquired additional land and 
Congress designated a National Conservation Area 
with provisions for inclusion of state lands.



BLM ACqUIRES EMPIRE RANCH IN LANd tRAdE



Federally conserved lands are shown in green. State conserved lands are shown in blue. 
State lands managed under Pima County’s Ranch conservation program are shown on 
orange. Red areas are County and private conservation lands.
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FW: LCNCA channel cross sections, 1993 and 2006, with water noted

		From

		Julia Fonseca

		To

		Leidy, Robert

		Cc

		''Gita Bodner' (gbodner@TNC.ORG)'

		Recipients

		Leidy.Robert@epa.gov; gbodner@TNC.ORG



Hi, Robert, is this the type of data you want?  The is a repeat cross section measured in 1993 and 2006 describing elevation of plant communities relative to cross-sectional geometry of the floodplain, with remarks about where surface water was at the time.  





-----Original Message-----


From: Gita Bodner [mailto:gbodner@tnc.org] 


Sent: Friday, June 28, 2013 6:36 PM


To: Julia Fonseca


Subject: LCNCA channel cross sections, 1993 and 2006, with water noted





Is this the type of info you thought would be useful?


Some show water, e.g. EG1; others do not (were dry). 





I think that comprehensive survey of the channel by Lawson and Huth would have lots of info on depth to surfacewater in it, but needs someone with more experience working with that kind of survey data to work with it easily. 





Gita





Lawson, L,. and H. Huth. 2003. Lower Cienega Creek Restoration Evaluation Project: An investigation into developing quantitative methods for assessing stream channel physical condition. Arizona Water Protection Fund Grant #90-068 WPF. Produced by the Arizona Department of Environmental Quality, Southern Regional Office Tucson AZ, Report #EQR0303. 76 p.  
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						distance on rangefinder			rangefinder corrected elev			RF horiz dist			difc			cumulative horizontal distance			Elevation difference, ft			corrected elevation (minus instrument height)


									1.53									0			4.73			0


						4.1			2.45			3.3			-0.11			3.4			5.65			0.92


						7.6			3.35			6.8			-0.08			6.9			6.55			1.82


						14.6			2.99			14.3			-0.21			14.5			6.19			1.46


									5.15									18.1			8.35			3.62


									6.62									20.7			9.82			5.09


						29.7			9.72			28.1			-0.44			28.5			12.92			8.19


						35.9			9.55			34.6			-1.19			35.8			12.75			8.02


									9.85									44.5			13.05			8.32


									10.52									48.8			13.72			8.99


						52			9.78			51.1			-0.83			51.9			12.98			8.25


									9.78									55.7			12.98			8.25


									10.33									61.7			13.53			8.8


									10.32									67.7			13.52			8.79


						73.1			10.82			72.3			0.09			72.2			14.02			9.29


									11.75									75.1			14.95			10.22


									12.15									77			15.35			10.62


									12.23									78.3			15.43			10.7


						80.8			11.98			79.9			0.61			79.3			15.18			10.45


									11.12									81.7			14.32			9.59


									9.94									82.9			13.14			8.41


									9.62									86.6			12.82			8.09


						90.2			9.2			89.7			0.73			89			12.4			7.67


									6.19									94.7			9.39			4.66


									1.24									97.6			4.44			-0.29


									0.54									100			3.74			-0.99


						104.2			-0.55			104.2			1.20			103			2.65			-2.08








AG8


						59I?


			Creek Segment Name & Number			Cienega Creek Ag Fields #8


			Location description			at N end of ag fields just downstream of old earthen dam. Lin Lawson's rebar marker (ADEQ 520-628-6733) is ~8" upstream from BLM Tpost


			HUB


			GPS coordinates


			Date			25-Mar-06


			Compas bearing			340 degrees


			Photos			(1) volunteers working, (2) at T-post X-transect, (3-4) at 15.4ft from T-post, upstream & downstream, (5-6) at 50.7ft from T-post, upstream & downstream


			Photos scanned?


			T-post on which bank?			east


			Ht of Tpost, base to top			3.93


			Instrument height at T-post			4.73


						Segment			cumulative horizontal distance			Elevation difference, ft			corrected elevation (minus instrument height)			Zone			Plant Community			Comments


						start			0			4.73			0			terrace			sacaton, mesquite bosque


									3.4			5.65			0.92			first drop on terrace			sacaton, mesquite bosque						terrace is eroding on the DS side, responding to a lateral headcut that may undermine the T-post


									6.9			6.55			1.82			low point in terrace slope			sacaton, mesquite bosque						terrace is eroding on the DS side, responding to a lateral headcut that may undermine the T-post


									14.5			6.19			1.46			edge of bank			sacaton, mesquite bosque


									18.1			8.35			3.62			bank slope			sacaton, mesquite bosque


									20.7			9.82			5.09			bank slope			sacaton, mesquite bosque


									28.5			12.92			8.19			bottom of bank			mature willow and mature cottonwood with grass, including sacaton


									35.8			12.75			8.02			floodplain			mature willow and mature cottonwood with grass, including sacaton


									44.5			13.05			8.32			floodplain			mature willow and mature cottonwood with grass, including sacaton


									48.8			13.72			8.99			dip in floodplain			mature willow and mature cottonwood with grass, including sacaton						dip may act as an overflow channel when flow is moderately high.


									51.9			12.98			8.25			floodplain			mature willow and mature cottonwood with grass, including sacaton


									55.7			12.98			8.25			floodplain			mature willow and mature cottonwood with grass, including sacaton


									61.7			13.53			8.8			floodplain			mature willow and mature cottonwood with grass; first deergrass


									67.7			13.52			8.79			floodplain			mature willow and mature cottonwood with grass; deergrass


									72.2			14.02			9.29			slope from floodplain to active channel			mature willow and mature cottonwood with grass; deergrass


									75.1			14.95			10.22			right edge of channel			Baccharis, deergrass, old willow


									77			15.35			10.62			in channel			deergrass


									78.3			15.43			10.7			thalwag			deergrass			dry


									79.3			15.18			10.45			left edge of channel			deergrass


									81.7			14.32			9.59			slope up from channel			deergrass and hackberry


									82.9			13.14			8.41			low terrace			bare


									86.6			12.82			8.09			low terrace			sacaton


									89			12.4			7.67			base of apron from cutbank			sacaton, whitethorn acasia


									94.7			9.39			4.66			base of cutbank (top of apron)			sacaton, graythorn


									97.6			4.44			-0.29			top of bank			sacaton, mesquite bosque


									100			3.74			-0.99			upper terrace			sacaton, mesquite bosque


									103			2.65			-2.08			upper terrace			sacaton, mesquite bosque


			1993


			cumulative horizontal distance			corrected elevation (minus instrument height)


			0			0


			15.4			-0.5															mesquite, sacaton


			28.7			8.3															mesquite, sacaton


			50.7			9.4															bare ground, alluvium, deergrass, willow


			65.4			10.5															deergrass, willow


			74.7			10.7			wet edge												deergrass, sedge, willow


			82.3			11			wet edge												water, watercress


			86			8.5															deergrass


			92.6			7.9															deergrass, bermuda


			99.4			5.2															sideoats gramma


			108			-1.7															mesquite, sacaton
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AG5


						59I


			Creek Segment Name & #			Cienega Creek Ag Fields #7


			Location description			Across from Ag fields photo point and downstream from crossvein weir that replaced concrete dam; directly across from fence walk-through and Ag Field photo point RP1-4-90, just downstream from photo pt. 59I B (tagged on large cottonwood tree). T-post is on W bank on edge of road; orange carsonite on E bank.


			HUB


			UTM coordinates			0539220			3522086


			Date			22-Mar-06


			Compas bearing			132 degrees


			Photos			TNC digital camera (__) X-transect, (22-23) water's edge-upstream, (18-21) water's edge-downstream


			Photos filed?


			T-post bank			west


			Instrument ht @ T-post (ft)			4.55


															corrected elevation, minus instrument height


						Horiz. distance, ft			Elevation diffc, ft			corrected elevation			Zone			Plant Community			Comments


						0			4.55			0			terrace; possibly created by road			Sacaton, mesquite, hackberry


						2.2			4.95			0.4			top of bank			Sacaton, mesquite, hackberry


						4.1			6.21			1.66			bank break			Sacaton, mesquite, hackberry


						10			8.26			3.71			bank slope


						16			10.46			5.91			bank slope			mature cottonwood with juniper


						24.5			13.02			8.47			bank slope			mature cottonwood with juniper


						27.4			14.16			9.61			bank slope			grass


						30.4			14.88			10.33			floodplain slope			upper edge of Eleocharis & grass zone


						37			15.27			10.72			floodplain slope			upper edge of deer grass band


						39.6			15.78			11.23			floodplain slope			Eleocharis, deer grass, & Paspalum


						43.2			16.43			11.88			floodplain slope			Eleocharis, Paspalum


						45.3			16.88			12.33			left edge of bare channel			bare


						46.5			17.06			12.51			thalweg (dry)			bare


						48.8			16.73			12.18			Right edge of bare channel			bare


						49.8			16.03			11.48			bank slope			mature willow & sapling ash


						57.3			13.7			9.15			bank slope			upper edge of mature willow


						60.1			12.46			7.91			flood debris			grass-herb terrace


						65			11.52			6.97			end of flood debris			grass-herb terrace


						75.5			10.67			6.12			lower edge of steep cutbank that leads to upper terrace


						78.5			10.06			5.51			slope of cutbank			hackberry


						86.8			4.87			0.32			slope of cutbank			mature mesquite, graythorn


						89.9			4.37			-0.18			upper terrace			mature mesquite, graythorn


			1993 data


			cumulative horizontal distance			corrected elevation (minus instrument height)


			0			0


			12			4.4


			23.2			8.5


			30.9			10.6


			43			11.7			wet edge


			50.3			11.7			wet edge


			56.9			9.6


			68.7			6.5


			80.9			5.3


			93.1			-0.8
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CC0


						59H?


			Creek Segment Name & Number			Cienega Creek Ag Fields #5


			Location description


			GPS coordinates


			Date			25-Mar-06															.


			Compas bearing			~260 degrees


			Photos


			Photos scanned?


			T-post on which bank?			E


			Ht of Tpost, base to top			3.98


			Instrument height at T-post			6.07


						Segment			cumulative horizontal distance			Elevation difference, ft			corrected elevation (minus instrument height)			Zone			Plant Community			Comments


						start			0			6.07			0			upper terrace			sacaton, mesquite


									7			7.54			1.47			bank slope			sacaton, mesquite


									8.7			8.21			2.14			bank slope			sacaton, mesquite


									12.5			9.21			3.14			bank slope			sacaton, mesquite


									16			10.36			4.29			bank slope			sacaton, mesquite


									19			11.37			5.3			bank slope			sacaton, mesquite


									22			11.87			5.8			bank slope			sacaton, mesquite, deergrass


									25			12.04			5.97			bank slope			deergrass, cottonwood, mesquite


									28			14.15			8.08			bank slope			deergrass, cottonwood, mesquite


									31.2			14.95			8.88			right edge of channel			deergrass, cottonwood, willow


									33			15.71			9.64			active channel			deergrass, bullrush, willow


									34.3			16.19			10.12			thalwag			bullrush, cattails


									36.7			15.78			9.71			active channel			bullrush, cattails


									39.8			15.45			9.38			left edge of active channel			bullrush, cattails


									41.8			15.13			9.06			bank			bermuda grass, eleocharis


									44.6			14.64			8.57			bank			bermuda grass, eleocharis


									47.3			14.38			8.31			bank			deergrass, willow, yerba mansa


									52			13.42			7.35			bank			sacaton, willow


									54.2			13.97			7.9			floodplain			sacaton, willow


									56.6			13.6			7.53			floodplain			sacaton, willow, cottonwood


									60.3			13.47			7.4			floodplain			sacaton, willow, cottonwood


									63.5			12.5			6.43			mid slope of floodplain			sacaton, cottonwood			flood debris


									67.4			12			5.93			mid slope of floodplain			sacaton, cottonwood			flood debris


									70.8			12.27			6.2			mid slope of floodplain			sacaton			flood debris


									75			12.12			6.05			slope			sacaton, mesquite			flood debris


									84			11.82			5.75			slope			sacaton, mesquite			top of flood debris


									91.7			10.7			4.63			slope to terrace			sacaton, mesquite


									97			10.92			4.85			slope to terrace			sacaton, mesquite


									105			9.67			3.6			slope to terrace			sacaton, mesquite


									116			7.94			1.87			top of slope			sacaton, mesquite			"tertiary terrace"


									123			7.75			1.68			top of slope			sacaton, mesquite			"tertiary terrace"


									127			7.6			1.53			top of slope			sacaton, mesquite			"tertiary terrace"


			1993


			cumulative horizontal distance			corrected elevation (minus instrument height)


			0			0


			13.1			3.2


			22.6			6.1


			29.5			8.3			wet edge (marshy)


			49.9			8.8			wet edge (marshy)


			61.5			8


			96.8			5.2


			116.3			2.2


			131			2.3
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2006


1993


distance across channel, in feet


depth from terrace surface, in feet





			0			0


			3.5			8.4


			7.7			15


			9.1			25


			17			42.3


			19.1			56.5


			24.6			59.6


			37			72.9


			47.3			79.7


			55			96.9


			60.4			96.9


			61.8			99.7


			65.8			123.7


			69			149.2


			72.2			160.8


			82			197.8


			92.9			202.8


			100			248.1


			115


			130


			145


			160


			170


			175.8


			184.4


			189


			193.6


			199


			206.25


			219.25


			249.25





2006


1993


Cienega Creek headwaters XS_7


0


0


0.08


-0.35


0.16


3.01


2.18


14.1


4.16


16.9


9.7


16.3


12.88


17.1


14.54


16.6


14.72


16.8


14.5


17.8


14.82


14.78


17.4


14.93


17.3


14.5


17


14.9


16.9


14.16


15.9


14.92


0.4


14.86


-0.4


14.89


14.83


14.84


14.72


14.74


14.12


15.12


13.5


13.76


12.52


-0.18


-1.12


-1.02





						59J


			Creek Segment Name & Number			Cienega Creek #0


			Location description			at Bahti's Bog just below old road crossing


			GPS coordinates


			Date			9-May-06


			Compas bearing			78degrees (magnetic reading; =90deg from true North)


			Photos			US & DS from trees' edge (145ft); US & DS from channel center (75ft); EtoW, & WtoE (2 shots each)


			Photos scanned?			y


			T-post on which bank?			W; missing T-post replaced


			Instrument ht@T-post (ft)			5.6


			Tpost height (ft)			3.6


						Segment			Horizontal distance, ft			Elevation difference, ft			corrected elevation (minus instrument height)			Zone			Plant Community			Comments


						Carsonite sign			0			5.45			0			upper terrace			sacaton, mesquite


									19			5.83			0.38			top of cutbank			sacaton, mesquite


									26			11.85			6.4			bottom of cutbank			sacaton, mesquite


									35			13.85			8.4			overflow channel in bottom of channel			cotonwood, willow, ash			Highest flood debris


									46			13			7.55			top of pile of flood debris			cotonwood, willow, ash


									53			13.75			8.3			back in floodplain			cotonwood, willow, ash


									70			14.75			9.3			E edge of active channel			cotonwood, willow, ash			channel is dry


									72			15.1			9.65			thalweg of active channel			cotonwood, willow, ash			channel is dry


			moved level slightly for better visibility; new position is 0.05ft higher						84.5			14.8			9.3			W edge of active channel			Scirpus			channel is dry


									94			12.8			7.3			top of center island			annual forbs, grasses; SAGO


									106			12.8			7.3			top of center island			annual forbs, grasses; SAGO


									115			13.25			7.75			W edge of island			annual forbs, grasses; SAGO


									120.5			15.5			10			E edge of second channel			annual forbs, grasses; SAGO			channel is dry


									123			15.55			10.05			thalweg of second channel			annual forbs, grasses; SAGO


									126			15.4			9.9			W edge of second channel			annual forbs, grasses; SAGO


																					.


			re-set level at T-post for better visibility; took duplicate readings to reconcile readings from both ends						106			10.82			7.3			top of center island			annual forbs, grasses; SAGO


									123			13.55			10.03			thalweg of second channel			annual forbs, grasses; SAGO


									126.3			13.1			9.58			W edge of second channel			cottonwood, sacaton


									134			12.24			8.72			E edge of sacaton floodplain			sacaton


									145			12.25			8.73			transition between FP and riparian chennel			sacaton


									163			10.96			7.44			sacaton floodplain			sacaton


									174			10.76			7.24			sacaton floodplain: mound			sacaton


									180.3			11.77			8.25			sacaton floodplain:dip			sacaton


									187			10.92			7.4			sacaton floodplain:mound			sacaton


									207			11.29			7.77			sacaton floodplain			sacaton


									216			11.44			7.92			sacaton floodplain			sacaton


									231			11.35			7.83			bottom of slope to terrace			sacaton, mesquite


									260			7.25			3.73			middle of slope to terrace			sacaton, mesquite


						Tpost			273			5.6			2.08			terrace			annual forbs, mesquite


			1993																		2006


			Segment			Horizontal distance, ft			Elevation difference, ft			cumulative horizontal distance			corrected elevation (minus instrument height)						reverse horizontal distance			Elevation difference, ft			corrected elevation (minus instrument height at Tpost)			corrected elevation (minus instrument height)


			Steel T-Post			0						0			0						273			5.45			-2.08			0


			1			39.3			10			39.3			6						254			5.83			-1.7			0.38


			2			20.8			10.4			60.1			6.4						247			11.85			4.32			6.4


			3			20.6			11.2			80.7			7.2						238			13.85			6.32			8.4


			4			15.9			9.8			96.6			5.8						227			13			5.47			7.55


			5			9.2			10.3			105.8			6.3						220			13.75			6.22			8.3


			6			3.8			11			109.6			7						203			14.75			7.22			9.3


			7			12.3			12.6			121.9			8.6						201			15.1			7.57			9.65


			8			9.6			13.1			131.5			9.1			begin wet zone			188.5			14.8			7.22			9.3


			9			7.6			13.2			139.1			9.2			begin aquatic			179			12.8			5.22			7.3


			10			5.7			13.2			144.8			9.2			end of aquatic			167			12.8			5.22			7.3


			11			16.2			12.8			161			8.8			end of wet zone			158			13.25			5.67			7.75


			12			3.4			12.9			164.4			8.9			island sand bar			152.5			15.5			7.92			10


			13			11.5			12.8			175.9			8.8			island bank (sand)			150			15.55			7.97			10.05


			14			9			12.5			184.9			8.5			2.9 correction wet zone			147			15.4			7.82			9.9


			15			16.9			12.9			201.8			8.9			wet zone			139			12.24			6.64			8.72


			16			2			12.8			203.8			8.8						128			12.25			6.65			8.73


			17			10.7			12.5			214.5			8.5						110			10.96			5.36			7.44


			18			5.9			11.2			220.4			7.2						99			10.76			5.16			7.24


			19			7.4			11.7			227.8			7.7						92.7			11.77			6.17			8.25


			20			12.4			10.9			240.2			6.9						86			10.92			5.32			7.4


			21			6			10.2			246.2			6.2						66			11.29			5.69			7.77


			22			9.8			2.4			256			-1.6						57			11.44			5.84			7.92


			post			12			2.2			268			-1.8						42			11.35			5.75			7.83


																					13			7.25			1.65			3.73


																					0			5.6			0			2.08


												131.5			9.1			begin wet zone


												139.1			9.2			begin aquatic


												144.8			9.2			end of aquatic


												161			8.8			end of wet zone


												184.9			8.5			2.9 correction wet zone


												201.8			8.9			wet zone


												139.1			9.2			begin aquatic


												144.8			9.2			end of aquatic
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			Creek Segment Name & #			Cienega Creek #7


			Location description			at RACE photo point B, segment 026090-1M-89


			UTM coordinates			0538856			3516056


			Date			21-Mar-06


			Compas bearing			95


			Photos			TNC digital camers (3,4) across channel from Tpost, (5) W across channel from carsonite, (6) across channel from top of east bank, (7)upstream at edge of trees, ~55' from Tpost, (8)DS from same, (9)Usat 100', (10) DS at 100', (11) Karen at tripod.


			Photos filed?			n


			T-post on which bank?


			Instrument ht@T-post (ft)			4.7						corrected elevation (minus instrument height)


						Horizontal distance, ft			Elevation diff, ft			corrected elevation			Zone			Plant Community			Comments


						0			4.7			0			upper terrace			sacaton/mesquite, annuals


						3.5			4.78			0.08			upper terrace			sacaton


						7.7			4.86			0.16			upper terrace, edge of dropoff			bare soil


						9.1			6.88			2.18			slope break in eroding bank			bare soil


						17			8.86			4.16			top of eroding bank			bare soil


						19.1			14.4			9.7			top of apron from eroding bank			mesquite, sacaton; few small junipers


						24.6			17.58			12.88			bottom of apron			bermuda grass, Typha, drowned mesquite


						37			19.24			14.54			mud starts			bermuda grass, Typha


						47.3			19.42			14.72			left edge of water			bermuda grass, Typha			foot/animal trail here is pooling water in what is saturated soil all around.


						55			19.2			14.5			dry			willows			dry


						60.4			19.52			14.82			wet			willows, Juncus			willows ~2"-7" diameter


						61.8			19.48			14.78			dry			willows


						65.8			19.63			14.93			wet			willows			water depth 0.2'


						69			19.2			14.5			dry			willow hummock


						72.2			19.6			14.9			wet			willows			water depth 0.2'


						82			18.86			14.16			dry			willows, cottonwood (~12"diam)


						92.9			19.62			14.92			wet			willow, Carex ultra, Typha, Scirpus			water depth 0.3'


						100			19.56			14.86			wet			willow, Carex ultra, Typha, Scirpus, Hydrocotyl			water depth 0.3'


						115			19.59			14.89			wet			willow, Carex ultra, Typha, Scirpus, Hydrocotyl			water depth 0.3'


						130			19.53			14.83			wet			willow, Carex ultra, Typha, Scirpus, Hydrocotyl			water depth 0.4'; local ~22' diameter opening in willow thicket from ~115-140 along tape


						145			19.54			14.84			wet			willow, Carex ultra, Typha, Scirpus, Hydrocotyl			water depth 0.4'


						160			19.42			14.72			wet			willow, Typha, Veronica, Hydrocotyl


						170			19.44			14.74			wet			"pussytoes" grapss, plus above			water depth 0.2'


						175.8			18.82			14.12			wet			Juncus, grass, aquatics from above			in hummock of willow clump


						184.4			19.82			15.12			wet			as above			water depth 0.5'


						189			18.2			13.5			right edge of water			cottonwoods, most ~3"-8"diameter


						193.6			18.46			13.76			base of dirt clump from bank			cottonwoods


						199			17.22			12.52			bottom of cutbank			cottonwood, one mesquite


						206.25			4.52			-0.18			top edge of cliff			sacaton/mesquite


						219.25			3.58			-1.12			flat of terrace			sacaton/mesquite			sinkhole from 230-239, >2'deep in places


						249.25			3.68			-1.02			carsonite sign			sacaton/mesquite


									1993 data									1993 wet


												this presumes that instruments were 4' above the ground in these as well as the ag field surveys									this presumes that instruments were 4' above the ground in these as well as the ag field surveys


									cumulative horizontal distance			corrected elevation (minus instrument height)						cumulative horizontal distance			corrected elevation (minus instrument height)


									0			0


									8.4			-0.35


									15			3.01


									25			14.1


									42.3			16.9


									56.5			16.3


									59.6			17.1			start wet zone			59.6			17.1			start wet zone


									72.9			16.6			second channel			72.9			16.6			second channel


									79.7			16.8			bank of second channel									bank of second channel


									96.9			17.8			beginning of aquatic			96.9			17.8			beginning of aquatic


									96.9									96.9


									99.7			17.4			waters edge			99.7			17.4			waters edge


									123.7			17.3			aquatic zone			123.7			17.3			aquatic zone


									149.2			17			end aquatic			149.2			17			end aquatic


									160.8			16.9			wet zone			160.8			16.9			wet zone


									197.8			15.9


									202.8			0.4


									248.1			-0.4
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			Creek Segment Name & #			Empire Gulch #1			62A?


			Location description			Empire Gulch upstream ~200m from Cienega Creek confluence


			UTM coordinates			538845			3519029


			Date			10-Apr-06


			Compas bearing			95 degrees from magnetic N


			Photos			(1) X-transect, (2) water's edge-upstream from near bank, (3) water's edge-downstream from near bank; (4&%) US&DS from center of channel; (6)cross from S to N


			Photos filed?			y


			T-post bank			North


			height of T-post, bottom to top			4.12


			Instrument ht @ T-post (ft)			4.46


						Horizontal distance, ft			Elevation difference, ft			corrected elevation (minus instrument height)			Zone			Plant Community			Comments


						0			4.46			0			terrace; T-post			sacaton, mesquite


						15			4.27			-0.19			terrace			sacaton, mesquite


						20			4.86			0.4			terrace			sacaton, mesquite


						22.7			4.54			0.08			top of cutbank			sacaton, mesquite


						23.2			6.56			2.1			partway down cutbank			sacaton, mesquite


						26.3			8.39			3.93			near bottom of cutbank			yerba mansa			US & DS photos taken


						31.3			10.94			6.48			right edge of water; bottom of cutbank			yerba mansa, giant sedge, rumex


						37			12.1			7.64			aquatic zone; marsh			giant sedge			water ~6"deep


						48			11.65			7.19			aquatic zone; marsh			giant sedge, willow


						60			11.29			6.83			aquatic zone; marsh			giant sedge


						79			11.6			7.14			aquatic zone; marsh			giant sedge			US & DS photos taken


						84			11.34			6.88			aquatic zone; marsh			cat tail, giant sedge, willow ~3"diameter


						86			11.22			6.76			aquatic zone; marsh			cat tail, giant sedge


						96			12.4			7.94			aquatic zone; marsh			cat tail, giant sedge


						105			11.84			7.38			aquatic zone; marsh			cat tail, giant sedge			water ~6"deep


						108.4			11.1			6.64			left edge of water			yerba mansa, giant sedge


						111			8.46			4			slope of cutbank			sacaton, yerba mansa


						113.6			7.05			2.59			slope of cutbank			sacaton, mesquite


						114			4.42			-0.04			top of cutbank			sacaton, mesquite


						121.4			4.81			0.35			terrace; carsonite sign			sacaton, mesquite


			Dense mats of sedge make it difficult to distinguish channel bottom from vegetation; channel bottom wet all the way across, with some areas of deeper water but with only small patches of open water.


			cumulative horizontal distance			corrected elevation (minus instrument height)


			0			0


			21.5			0.1


			32			7.3


			79			7.3			aquatic-Cienega


			107.5			7.1			aquatic-Cienega


			115.5			0.5			slope; swamp to upper terrace


			121			0.7
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FW: LCNCA

		From

		Julia Fonseca

		To

		Goldmann, Elizabeth; Leidy, Robert

		Recipients

		Goldmann.Elizabeth@epa.gov; Leidy.Robert@epa.gov






FYI.


-----Original Message-----


From: Michael McNulty [mailto:Michael.McNulty@pcao.pima.gov] 


Sent: Monday, August 05, 2013 8:12 AM


To: Julia Fonseca; Brian Powell


Cc: Harlan Agnew


Subject: LCNCA





I think the Empire Ranch looks a little drier at this time of year than it should - or, at least drier than it has looked in early August in years past.


Nevertheless, if you get down near the creek, you feel like you're in an entirely different part of the planet.





________________________________





This message has been prepared and sent on resources owned by Pima County, Arizona. It is subject to the Computer Use Policy of the Pima County Attorney's Office, as well as the computer and electronic mail policies of Pima County and the Pima County Board of Supervisors.
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FW: Rosemont 404(b)(1) and HMMP Summary Memo

		From

		Brian Lindenlaub

		To

		Leidy, Robert

		Cc

		'Kathy Arnold'; 'ANDERSON, ROBERT'; Greg Williams; 'Blaine, Marjorie E SPL'; 'Diebolt, Sallie SPL'

		Recipients

		Leidy.Robert@epa.gov; karnold@rosemontcopper.com; RANDERSO@FCLAW.com; GWilliams@westlandresources.com; Marjorie.E.Blaine@usace.army.mil; Sallie.Diebolt@usace.army.mil



Rob,





 





Per the request of Sallie Diebolt (Corps), I am sending this email to notify you that the most current version of the 404b1 alternatives analysis and the HMMP summary document for the Rosemont Project are available at the link below. If you have any questions or require additional information, please don’t hesitate to contact me.





 





Regards,





Brian Lindenlaub | Principal





WestLand Resources, Inc.





 





From: File Transfer Notifications [mailto:notifications@filetransfers.net] 
Sent: Wednesday, September 25, 2013 4:38 PM
To: Brian Lindenlaub
Subject: Rosemont 404(b)(1) and HMMP Summary Memo





 





 








Files Have Been Sent








  _____  






Kristina Daley from WestLand Resources, Inc. has provided the link below to download files from the WestLand Resources, Inc. file transfer site:





https://westlandresources.filetransfers.net/downloadBatchPublic.php?batchId=7ffa07d4ffd34f358334d418f5d32a0a





Message from Kristina Daley:





Attached link to the above referenced documents for your use...





___________________________________________





These links will expire on 10/10/13, 4:38 pm PDT





------------------------------





If any link in this email doesn't work, please copy and paste it into your web browser's address or URL field.





Did this email not find its way to your Inbox? Add notifications@filetransfers.net to your address book or whitelist it to ensure you receive future emails from this source.





This transmission contains information intended to be confidential and solely for the use of WestLand Resources, Inc., its employees and/or associates, and those persons or entities to whom it is directed. It is not to be reproduced, retransmitted, or in any manner distributed. If you have received this email in error you should notify the sender and immediately delete this message and/or any attachments.





------------------------------





Transaction Source: WestLand Resources, Inc. FILETRANSFER SITE, https://westlandresources.filetransfers.net
Time/Date of Transaction: 04:38 PM on 25-Sep-13 











HGM references

		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



Hi, Robert,





 





You requested some information about the hydrogeomorphic methods used in Arizona.  See the attached pdf for a description taken from a Corp restoration study for the Santa Cruz River in Tucson.





 





http://rfcd.pima.gov/largefiles/pdli2/PDIeis.pdf  The Paseo DEIS is posted here.  It is the source for the above document.  





 





But there is a final EIS.  See EIS No. 20050477, Final EIS, COE, AZ, Santa Cruz River, Paseo de las Iglesias Feasibility Study, To Identify, Define and Solve Environmental Degradation, Flooding and Water Resource Problems, City of Tucson, Pima County, AZ, Wait Period Ends: December 19, 2005, Contact: Michael J. Fink 602-640-2001 Ext. 252.





 





http://www.usace.army.mil/Portals/2/docs/civilworks/CWRB/stcruz/SantaCruzRiverPaseodLI_Project_Summary_1-25-06.pdf  This is a policy review of some of the issues that came out when the Corps reviewed the Paseo project.  





 





 





 










HVA.pdf

HVA.pdf




223 



14.4 Habitat Valuation Analysis (HGM) 



1.0 Ecosystem Restoration Evaluation Methodologies 



1.1 Species-Based Habitat Indices    



USACE presently uses the habitat unit concept to characterize the non-monetary outputs 
of ecosystems that must justify project costs.  The concept is closely associated with 
development of the Habitat Evaluation Procedures (HEP) developed under the lead of the 
U.S. Fish and Wildlife Services (USFWS 1980a-c).  HEP measures the effects of 
environmental change through a series of species-based Habitat Suitability Indices (HSI) 
developed for approximately 160 individual fish and wildlife species.  The species-based 
HSI models rely on field measured habitat parameters, which are integrated into a single, 
probability-of-use index ranging from 0 to 1.0.  HEP uses a simple multiplication product 
of impacted area in acres and HSI to calculate Habitat Units (HUs).   



 
Species-based Habitat Suitability Index (HSI) models deployed in the traditional Habitat 
Evaluation Procedures (HEP) methodology are numerous, easy to use, are relatively 
inexpensive, but not immediately available or applicable to the arid southwest region, and 
do not capture all of the important habitat/ecosystem elements or all of the justifying 
value needed to restore ecosystems.  Species-based HSI models are not scaled based on 
ecosystem integrity and should only be used to indicate a more naturally integrated 
ecosystem condition when the HSI value is known for the targeted restored condition.  
Few existing single-species HSI models satisfy these criteria well, but ecosystems might 
be characterized by new models for native dominant and keystone species, including 
dominant plant species and top-carnivore species, used in series with a few HSI models 
for rare species in the community.  Several species-based HSIs might then “bracket” the 
community-habitat relationships satisfactorily, but the need for many new models offsets 
the main existing advantage.     



1.2 Community-Based Habitat Indices 
Existing community- based HSI models offer more promise than species-based HSI 
models because they are more efficient in capturing those habitat measures necessary for 
restoring ecosystem integrity and can be compared across a wide range of ecosystems for 
prioritization purposes (Stakhiv, et al. 2001).  Community-based HSI models indicate 
relative ecosystem value more inclusively than species-based models because they link 
habitat more broadly to ecosystem components or functions.  While species richness is 
relatively easy to link to habitat features in community-based HSI models, species 
richness may not predict the number of endangered species present in an ecosystem very 
well.   Most species richness measures are limited to one to a few taxonomic categories, 
such as birds, fish, or aquatic insects.  The taxonomic groups chosen for characterizing 
integrity may not characterize to fine enough degree the habitat needs of the endangered 
species.   Complete models would need to account for this potential deficiency by 
assuring the diversity measure is inclusive of the vulnerable species or by including a 
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separate relationship between vulnerable-species and habitat conditions.  Again, each 
community would require a unique model of habitat-species relationships.  Relatively 
few community prototype models have been developed, however, and most of the models 
would require considerable investment to cover the variety of ecosystems managed by the 
Corps. 
1.3 Function-Based Indices 



USACE’s Environmental Laboratory (Engineer Research and Development Center, 
Vicksburg, MS) developed a similar approach to assessing the functional capacity of a 
wetland using standard wetland assessment protocols typically deployed in the regulatory 
arena.  Referred to as the HydroGeoMorphic Approach (or HGM), an assessment model 
is developed and serves as a simple representation of functions performed by a wetland 
ecosystem (Ainslie et al. 1999).  The model defines the relationships between one or 
more characteristics or processes of the wetland ecosystem or surrounding landscape and 
the functional capacity of a wetland ecosystem.  Functional capacity is simply the ability 
of a wetland to perform a function compared to the level of performance in reference 
standard wetlands.  The HGM methodology is based on a series of predictive Functional 
Capacity Indices (FCIs) – quantifying the capacity of wetlands to perform a function 
relative to other wetlands from a regional wetland subclass in a reference domain.  
Functional capacity indices are by definition scaled from 0.0 to 1.0.  An index of 1.0 
indicates that a wetland performs a function at the highest sustainable functional capacity, 
the level equivalent to a wetland under reference standard conditions in a reference 
domain.  An index of 0.0 indicates the wetland does not perform the function at a 
measurable level and will not recover the capacity to perform the function through 
natural processes.  FCI models combine Variable Sub-indices VSIs in a mathematical 
equation to rate the functional capacity of a wetland on a scale of 0.0 (not functional) to 
1.0 (optimum functionality).  An HGM subclass model is basically an assimilation of 
several FCI models combined in a specific fashion to mimic a site’s functionality.  Users 
can review and select several FCI models to evaluate the overall site functionality.  All 
FCI models are described using a single FCI formula (refer to the Single Formula 
Subclass Models section below).  Some examples of HGM FCI models include 
floodwater detention, internal nutrient cycling, organic carbon export, removal and 
sequestration of elements and compounds, maintenance of characteristic plant 
communities, and wildlife habitat maintenance. 



1.4 Process Simulation Models 
 
Process simulation models are based (in theory) on ecosystem process and offer the 
greatest flexibility in use and management insight with respect to the output generated 
with incremental additions of restoration measures (Stakhiv, et al. 2001).  Functional 
stability could in theory be analyzed directly.  In terms of basic processes, similar 
principles operate across all ecosystems.   However, process models rely on fundamental 
understanding of the way ecosystems operate and are extremely “information hungry”.   
Much can be learned about how ecosystems work during assembly of process models, but 
the ultimate models for evaluating non-monetized environmental service are many years 











 225



away even if research investment were substantially increased.  The past objections to 
process models having to do with inadequate portability and computational capability are 
less likely to apply now.   Even so, the details of resource partitioning into communities 
of different species richness and functional stability require much research and 
development.  In the process of assembling such models, much more could be learned 
than from index models about managing ecosystem process for more reliable service 
delivery (sustainable development?) across all monetized and non-monetized services.  
Process simulation shows the most promise for incorporating tradeoff analysis within 
single model operations. 
1.5 Selection of the HGM Method for the Arizona Studies 



In 2002, the District began the process of formulating alternative designs for the five 
Arizona Ecosystem Restoration Planning Studies (El Rio Antiguo on the Rillito River, 
Paseo de las Iglesias and Tres Rios del Norte on the Santa Cruz River, Rio Salado Oeste 
and VaShly’ay Akimel on the Salt River).  The District partnered with the U. S. Army 
Engineer Research and Development Center, Environmental Laboratory (EL), the U.S. 
Fish and Wildlife Service (USFWS), and the Arizona Game and Fish Department 
(AZGF) to ensure all stakeholder issues were considered.   



Setting ecosystem restoration objectives and performance criteria on the holistic recovery 
of “non-use” benefits, such as wildlife habitat, hydrology and biogeochemical processes, 
was critical to the overall planning process for the studies.  It is important to note that the 
basic ecological premise behind ecosystem restoration is the recovery of limiting 
components, defined by their primary functional characteristics, be they water, soils 
and/or habitat structure.  The primary goal of the studies was therefore focused on the 
restoration of such functional components within the Study Area.  To measure the 
success of the ecosystem restoration proposals, the best available science was brought to 
bear.  In most ecosystem restoration studies, benefits are measured using quantifiable 
techniques rather than qualitative assessments.  It was important then, that the technique 
selected to quantify benefits for the studies be repeatable, efficient and effective, as 
results could be questioned by outside interests.  Many rapid assessment techniques were 
readily available to the Evaluation Teams in off-the-shelf formats in 2002, but for the 
various reasons described in the next section, HGM was selected (HydroGeoMorphic 
Assessment of Wetlands) to quantify the anticipated benefits gained by the proposed 
ecosystem restoration activities. 



Again, HGM emphasizes the functions associated with the range of physical and 
chemical attributes comprising habitat of wetland ecosystems.  It also incorporates a 
structural index based on a set of species identified for the specific model application. 
Although models used in a HEP methodology might be more appropriate to a riparian 
setting in this region, their overall evaluation of potential changes to the ecosystem 
dynamic are limited when capturing wetland functionality as a whole.  The HGM 
approach has one important advantage over the HEP methodology (HSI models in 
particular) in that it is more inclusive of all ecosystem functions relevant to ecosystem 
services.  Available HEP models were limited to the habitat function in support of species 
richness, and might overlook key hydrologic influences experienced in high-flow periods.   
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1.6 Introduction To The HGM Process 



Wetland ecosystems share a number of common attributes including relatively long 
periods of inundation or saturation, hydrophytic vegetation, and hydric soils.  In spite of 
these common attributes, wetlands occur under a wide range of climatic, geologic, and 
physiographic situations and exhibit a wide range of physical, chemical, and biological 
characteristics and processes (Ainslie et al., 1999; Ferren, Fiedler, and Leidy, 1996; 
Ferren et al., 1996a,b; Mitch and Gosselink, 1993; Semeniuk, 1987; Cowardin et al., 
1979).  The variability of wetlands makes it challenging to develop assessment methods 
that are both accurate (i.e., sensitive to significant changes in function) and practical (i.e., 
can be completed in the relatively short time frame available for conducting 
assessments).  Existing “generic” methods, designed to assess multiple wetland types 
throughout the United States, are relatively rapid, but lack the resolution necessary to 
detect significant changes in function.  One way to achieve an appropriate level of 
resolution within the available time frame is to reduce the level of variability exhibited by 
the wetlands being considered (Smith et al., 1995). 



The HydroGeoMorphic Assessment of Wetlands approach (HGM) was developed 
specifically to accomplish this task (Ainslie et al., 1999; Brinson, 1993).  HGM identifies 
groups of wetlands that function similarly using three criteria (geomorphic setting, water 
source, and hydrodynamics) that fundamentally influence how wetlands function.  
“Geomorphic setting” refers to the landform and position of the wetland in the landscape.  
“Water source” refers to the primary water source in the wetland such as precipitation, 
overbank floodwater, or groundwater.  “Hydrodynamics” refers to the level of energy and 
the direction that water moves in the wetland.  Based on these three criteria, any number 
of “functional” wetland groups can be identified at different spatial or temporal scales.  
For example, on a continental scale, Brinson (1993) identified five hydrogeomorphic 
wetland classes.  These were later expanded to the seven classes described in Table 1 
(Smith et al., 1995). 
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Table 1.  HydroGeoMorphic Wetland Classes on a Continental Scale 



HGM 
Wetland 



Class Definition 



Depression 



Depression wetlands occur in topographic depressions (i.e., closed elevation contours) that allow the accumulation of surface water.
Depression wetlands may have any combination of inlets and outlets or lack them completely.  Potential water sources are precipitation, 
overland flow, streams, or groundwater/interflow from adjacent uplands.  The predominant direction of flow is from the higher elevations
toward the center of the depression.  The predominant hydrodynamics are vertical fluctuations that range from diurnal to seasonal. 
Depression wetlands may lose water through evapotranspiration, intermittent or perennial outlets, or recharge to groundwater.  Prairie
potholes, playa lakes, vernal pools, and cypress domes are common examples of depression wetlands. 



Tidal Fringe 



Tidal fringe wetlands occur along coasts and estuaries, and are under the influence of sea level.  They intergraded landward with riverine
wetlands where tidal current diminishes, and river flow becomes the dominant water source.  Additional water sources may be 
groundwater discharge and precipitation.  The interface between the tidal fringe and riverine classes is where bi-directional flows from 
tides dominate over unidirectional ones controlled by floodplain slope of riverine wetlands.  Because tidal fringe wetlands frequently 
flood and water table elevations are controlled mainly by sea surface elevation, tidal fringe wetlands seldom dry for significant periods.
Tidal fringe wetlands lose water by tidal exchange, by overland flow to tidal creek channels, and by evapotranspiration.  Organic matter
normally accumulates in higher elevation marsh areas where flooding is less frequent, and the wetlands are isolated from shoreline wave
erosion by intervening areas of low marsh.  Spartina alterniflora salt marshes are a common example of tidal fringe wetlands. 



Lacustrine Fringe 



Lacustrine fringe wetlands are adjacent to lakes where the water elevation of the lake maintains the water.  Fringe table in the wetland.  In 
some cases, these wetlands consist of a floating mat attached to land.  Additional sources of water are precipitation and groundwater 
discharge, the latter dominating where lacustrine fringe wetlands intergrade with uplands or slope wetlands.  Surface water flow is bi-
directional, usually controlled by water-level fluctuations resulting from wind or seiche.  Lacustrine wetlands lose water by flow 
returning to the lake after flooding and evapotranspiration.  Organic matter may accumulate in areas sufficiently protected from shoreline 
wave erosion.  Unimpounded marshes bordering the Great Lakes are an example of lacustrine fringe wetlands. 
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Table 1.  (cont.)  HydroGeoMorphic Wetland Classes on a Continental Scale 



HGM 
Wetland 



Class Definition 



Slope 



Slope wetlands are found in association with the discharge of groundwater to the land surface or sites with saturated overland flow with
no channel formation.  They normally occur on sloping land ranging from slight to steep.  The predominant source of water is 
groundwater or interflow discharging at the land surface..   Precipitation is often a secondary contributing source of water.
Hydrodynamics are dominated by down-slope unidirectional water flow.  Slope wetlands can occur in nearly flat landscapes if 
groundwater discharge is a dominant source to the wetland surface.  Slope wetlands lose water primarily by saturated subsurface flows,
surface flows, and by evapotranspiration.  Slope wetlands may develop channels, but the channels serve only to convey water away from
the slope wetland.  Slope wetlands are distinguished from depression wetlands by the lack of a closed topographic depression and the
predominance of the groundwater/interflow water source.  Fens are a common example of slope wetlands. 



Mineral Soil 



Mineral soil flats are most common on interfluves, extensive relic lake bottoms, or large floodplain terraces Flats where the main source
of water is precipitation.  They receive virtually no groundwater discharge, which distinguishes them from depressions and slopes.
Dominant hydrodynamics are vertical fluctuations.  Mineral soil flats lose water by evapotranspiration, overland flow, and seepage to
underlying groundwater..  They are distinguished from flat upland areas by their poor vertical drainage due to impermeable layers (e.g.,
hardpans), slow lateral drainage, and low hydraulic gradients.  Mineral soil flats that accumulate peat can eventually become organic soil
flats.  They typically occur in relatively humid climates.  Pine flatwoods with hydric soils are an example of mineral soil flat wetlands. 



Organic Soil Flats 



Organic soil flats, or extensive peat lands, differ from mineral soil flats in part because their elevation and Soil Flats topography are
controlled by vertical accretion of organic matter.  They occur commonly on flat interfluves, but may also be located where depressions
have become filled with peat to form a relatively large flat surface.  Water source is dominated by precipitation, while water loss is by 
overland flow and seepage to underlying groundwater.  They occur in relatively humid climates.  Raised bogs share many of these
characteristics but may be considered a separate class because of their convex upward form and distinct edaphic conditions for plants. 
Portions of the Everglades and northern Minnesota peat lands are examples of organic soil flat wetlands. 
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Table 1.  (cont.)  HydroGeoMorphic Wetland Classes on a Continental Scale 



HGM 
Wetland 



Class Definition 



Riverine 



Riverine wetlands occur in floodplains and riparian corridors in association with stream channels.  Dominant water sources are overbank
flow from the channel or subsurface hydraulic connections between the stream channel and wetlands.  Additional sources may be
interflow, overland flow from adjacent uplands, tributary inflow, and precipitation.  When overbank flow occurs, surface flows down the
floodplain may dominate hydrodynamics.  In headwaters, riverine wetlands often intergrade with slope, depressional, poorly drained flat
wetlands, or uplands as the channel (bed) and bank disappear.  Perennial flow is not required.  Riverine wetlands lose surface water via
the return of floodwater to the channel after flooding and through surface  flow to the channel during rainfall events.  They lose
subsurface water by discharge to the channel, movement to deeper groundwater (for losing streams), and evapotranspiration.  Peat may
accumulate in off-channel depressions (oxbows) that have become isolated from riverine processes and subjected to long periods of
saturation from groundwater sources.  Bottomland hardwoods on floodplains are an example of riverine wetlands. 
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In many cases, the level of variability in continental-scale wetland hydrogeomorphic 
classes is still too immense to develop assessment models that can be rapidly applied 
while being sensitive enough to detect changes in function at a level of resolution 
appropriate to the planning process.  For example, at a continental geographic scale the 
depression class includes wetlands as diverse as California vernal pools (Zedler, 1987), 
prairie potholes in North and South Dakota (Kantrud et al., 1989; Hubbard, 1988), playa 
lakes in the high plains of Texas (Bolen et al., 1989), kettles in New England, and cypress 
domes in Florida (Kurz and Wagner, 1953; Ewel and Odum, 1984). 



To reduce both inter- and intra-regional variability, the three classification criteria 
(geomorphic setting, water source, and hydrodynamics) are applied at a smaller, regional 
geographic scale to identify regional wetland subclasses.  In many parts of the country, 
existing wetland classifications can serve as a starting point for identifying these regional 
subclasses (Stewart and Kantrud, 1971; Golet and Larson, 1974; Wharton et al., 1982; 
Ferren, Fiedler, and Leidy, 1996; Ferren et al., 1996a,b; Ainslie et al., 1999).  In addition 
to the three primary classification criteria, certain ecosystem or landscape characteristics 
may also be useful for distinguishing regional subclasses in certain regions.  For example, 
depression subclasses might be based on water source (i.e., groundwater versus surface 
water) or the degree of connection between the wetland and other surface waters (i.e., the 
flow of surface water in or out of the depression through defined channels).  Tidal fringe 
subclasses might be based on salinity gradients (Shafer and Yozzo, 1998).  Slope 
subclasses might be based on the degree of slope, landscape position, source of water 
(i.e., through-flow versus groundwater), or other factors.  Riverine subclasses might be 
based on water source, position in the watershed, stream order, watershed size, channel 
gradient, or floodplain width.  Examples of potential regional subclasses are shown in 
Table 2 (Smith et al., 1995; Rheinhardt et al., 1997).   



Regional Guidebooks include a thorough characterization of the regional wetland 
subclass in terms of its geomorphic setting, water sources, hydrodynamics, vegetation, 
soil, and other features that were taken into consideration during the classification 
process.  Classifying wetlands based on how they function, narrows the focus of attention 
to a specific type or subclass of wetland, the functions that wetlands within the subclass 
are most likely to perform, and the landscape/ecosystem factors that are most likely to 
influence how wetlands in the subclass function.  This increases the accuracy of the 
assessment, allows for repeatability, and reduces the time needed to conduct the 
assessment. 
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Table 2.  Potential Regional Wetland Subclasses in Relation to Geomorphic Setting, Dominant Water 
Source, and Hydrodynamics 



Eastern USA
Western 
USA/Alaska



Depression
Groundwater or 
interflow Vertical



Prairie pothole 
marshes, Carolina 
Bays



California vernal 
pools



Fringe (tidal) Ocean
Bidirectional, 
horizontal



Chesapeake Bay 
and Gulf of Mexico 
tidal marshes



San Francisco Bay 
marshes



Fringe 
(lacustrine) Lake



Bidirectional, 
horizonal



Great Lakes 
marshes



Flathead Lake 
marshes



Slope Groundwater 
Unidirectional, 
horizontal Fens Avalanche chutes



Flat 
(mineral soil) Precipitation Vertical



Wet pine 
flatwoods Large playas



Flat 
(mineral soil) Precipitation Vertical



Peat bogs; 
portions of 
Everglades



Peatlands over 
permafrost



Riverine
Overbank flow 
from channels



Unidirectional, 
horizonal



Bottomland 
hardwood forests Riparian wetlands



Geomorphic 
Setting



Dominant Water 
Source



Dominant 
Hydrodynamics



Potential Regional Wetland Subclasses



 



Designed to assess wetlands as a whole, the HGM technique focuses on a wetlands’ 
structural components and the processes that link these components within a system 
(Bormann and Likens, 1969).  Structural components of the wetland and the surrounding 
landscape (e.g., plants, soils, hydrology, and animals) interact with a variety of physical, 
chemical, and biological processes.  Understanding the interactions of the wetlands’ 
structural components and the surrounding landscape features is the basis for assessing 
wetland functions and the foundation of the HGM Approach.  By definition, wetland 
functions are the normal or characteristic activities that take place in wetland settings.  
Wetlands perform a wide variety of functions, although not all wetlands perform the 
same functions, nor do similar wetlands perform the same functions to the same level of 
performance.  The ability to perform a function is influenced by the characteristics of the 
wetland and the physical, chemical, and biological processes within the wetland.  
Wetland characteristics and processes influencing one function often also influence the 
performance of other functions within the same wetland system.  Examples of wetland 
functions evaluated with Functional Capacity Index (FCI) models are found in Table 3. 
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Table 3.  Wetland Functions Measured In HGM And Their Value To The Ecosystem 



Functions Related to the  
Hydrologic Processes 



Benefits, Products, and Services 
Resulting from the Wetland Function 



Short-Term Storage of Surface Water: 
   The temporary storage of surface water for short 



periods. 



Onsite:  Replenish soil moisture, import/export 
materials, and provide a conduit for 
organisms. 



Offsite:  Reduce downstream peak discharge and 
volume, and help maintain and improve 
water quality. 



Long-Term Storage of Surface Water:   
   The temporary storage of surface water for long 



periods. 



Onsite:  Provide habitat and maintain physical and 
biogeochemical processes. 



Offsite:  Reduce dissolved and particulate loading 
and volume, and help maintain and 
improve surface water quality. 



Storage of Subsurface Water:   
   The storage of subsurface water. 



Onsite:  Maintain biogeochemical processes. 
Offsite:  Recharge surficial aquifers, and maintain 



base flow and seasonal flow in streams. 



Moderation of Groundwater Flow or Discharge:  
the moderation of groundwater flow or  



   groundwater discharge. 



Onsite:  Maintain habitat. 
Offsite:  Maintain groundwater storage, base flow, 



seasonal flows, and surface water 
temperatures. 



Dissipation of Energy:   
   The reduction of energy in moving water at the 



land/water interface. 



Onsite:  Contribute to nutrient capital of ecosystem.
Offsite:  Reduced downstream particulate loading 



helps to maintain or improve surface water 
quality. 



Functions Related to  
Biogeochemical Processes 



Benefits, Products, and Services 
Resulting from the Wetland Function 



Cycling of Nutrients: 
   The conversion of elements from one form to 



another through abiotic and biotic processes. 



Onsite:  Contributes to nutrient capital of the 
ecosystem. 



Offsite:  Reduced downstream particulate loading 
helps to maintain or improve surface water 
quality. 



Removal of Elements and Compounds: 
   The removal of nutrients, contaminants or other 



elements and compounds on a short-term or long-
term basis through physical processes. 



Onsite:  Contributes to nutrient capital of the 
ecosystem.  Contaminants are removed, or 
rendered innocuous. 



Offsite:  Reduced downstream loading helps to 
maintain or improve surface water quality.



Retention of Particulates: 
   The retention of organic and inorganic particulates 



on a short-term or long-term basis through physical 
processes. 



Onsite:  Contributes to nutrient capital of the 
ecosystem. 



Offsite:  Reduced downstream particulate loading 
helps to maintain or improve surface water 
quality. 
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Export of Organic Carbon: 
   The export of dissolved or particulate organic 



carbon. 



Onsite:  Enhances decomposition and mobilization 
of metals. 



Offsite:  Supports aquatic food webs and 
downstream biogeochemical processes. 



Functions Related to Habitat Benefits, Products, and Services 
Resulting from the Wetland Function 



Maintenance of Plant and Animal Communities:  
the maintenance of plant and animal community 
that is characteristic with respect to species 
composition, abundance, and age structure. 



Onsite:  Maintain habitat for plants and animals 
(e.g., endangered species and critical 
habitats) forest and agriculture products, 
and aesthetic, recreational, and educational 
opportunities. 



Offsite:  Maintain corridors between habitat islands 
and landscape/regional biodiversity. 



 



Wetland functions represent the currency or units of the wetland system for assessment 
purposes, but the integrity of the system is not disconnected from each function, rather it 
represents the collective interaction of all wetland functions. Consequently, wetland 
assessments using the HGM approach require the recognition by both the Assessment 
Team and the end user that this link (i.e., between wetland function and system integrity) 
is critical.  One cannot develop criteria, or models, to maximize a single function without 
having potentially negative impacts on the overall ecological integrity and sustainability 
of the wetland system as a whole.  For example, one should not attempt to create a 
wetland to maximize water storage capacity without the recognition that other functions 
(e.g., plant species diversity) will likely be altered from those similar wetland types with 
less managed conditions.  This does not mean that a wetland cannot be developed to 
maximize a particular function, but that it will typically not be a sustainable system 
without future human intervention. 



The HGM approach is characterized and differentiated from other wetland assessment 
procedures in that it first classifies wetlands based on their ecological characteristics (i.e., 
landscape setting, water source, and hydrodynamics).  Second it uses reference sites to 
establish the range of wetland functions.  Finally, the HGM approach uses a relative 
index of function (Functional Capacity Index or FCI), calibrated to reference wetlands, to 
assess wetland functions.  In the HGM methodology, a VSI, is a mathematical 
relationship that reflects a wetland function’s sensitivity to a change in a limiting factor 
or variable within the Partial Wetland Assessment Area or PWAA (a homogenous zone 
of similar vegetative species, geographic similarities, and physical conditions that make 
the area unique).  Similar to cover types in HEP, PWAAs are defined on the basis of 
species recognition and dependence, soils types, and topography.  In HGM, VSIs are 
depicted using scatter plots and bar charts (i.e., functional capacity curves).  The VSI 
value (Y axis) ranges on a scale from 0.0 to 1.0, where a VSI = 0.0 represents a variable 
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that is extremely limiting and an VSI = 1.0 represents a variable in abundance (not 
limiting) for the wetland.   



Reference wetlands are wetland sites selected from a reference domain (a defined 
geographic area), selected to “represent” sites that exhibit a range of variation within a 
particular wetland type, including sites that have been degraded/disturbed as well as those 
sites with minimal disturbance (Ainslie et al., 1999).  The use of reference wetlands to 
scale the capacity of wetlands to perform a function is one of the unique features of the 
HGM approach.  Reference provides the standard for comparison in the HGM approach.  
Unlike other methods which rely on data from published literature or best professional 
judgment, the HGM approach requires identification of wetlands from the same regional 
subclass and from the same reference domain, collection of data from those wetlands, and 
scaling of' wetland variables to those data.  Since wetlands exhibit a wide range of 
variability, reference wetlands should represent the range of conditions within the 
reference domain.  A basic assumption of HGM is that the highest, sustainable functional 
capacity is achieved in wetland ecosystems and landscapes that have not been subject to 
long-term anthropogenic disturbance (Smith et al., 1995).  It is further assumed that under 
these conditions the structural components and physical, chemical, and biological 
processes within the wetland and surrounding landscape reach a dynamic equilibrium 
necessary to achieve the highest, sustainable functional capacity.  Reference standards are 
derived from these wetlands and used to calibrate variables.  However, it is also 
necessary to recognize that many wetlands occur in less than standard conditions.  
Therefore, data must be collected from a wide range of conditions in order to scale model 
variables from 0.0 to 1.0, the range used for each variable subindex.  To assist the user, a 
list of key terms related to the reference wetland concept in the HGM methodology is 
provided (Table 4).  
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Table 4.  Reference Wetland Terms and 
Definitions



Term Definition



Reference domain
The geographic area from which reference wetlands representing the 
regional wetland subclass are selected



Reference Wetland 



A group of wetlands that encompass the known range of variability in 
the regional wetland subclass resulting from natural processes and 
disturbance and from human alteration.



Reference standard wetlands



The subset of reference wetlands that perform a representative suite of 
functions at a level that wetlands is both sustainable and characteristic of 
the least human altered wetland sites in the least human altered 
landscapes. By definition, the functional



Reference standard wetlands variable 
condition



The range of conditions exhibited by model variables in reference 
standard wetlands. By wetland variable definition, reference standard 
conditions receive a variable subindex score of 1.0.



Site potential 
     - Mitigation Project Context



The highest level of function possible, given local constraints of 
disturbance history, land use, (mitigation project or other factors. Site 
potential may be less than or equal to the levels of function in reference 
context) standard wetlands of the regio



Project target 
     - Mitigation Project Context



The level of function identified or negotiated for a restoration or creation 
project.



Project standards
     - Mitigation Project Context



Project standards Performance criteria and/or specifications used to 
guide the restoration or creation activities (mitigation context) toward 
the project target. Project standards should specify reasonable 
contingency measures if the project target is not



 



 



In the HGM approach, an assessment model is a simple representation of a function 
performed by the wetland ecosystem (Ainslie et al., 1999).  It defines the relationship 
between one or more characteristics or processes of the wetland ecosystem or 
surrounding landscape and the functional capacity of a wetland ecosystem.  Functional 
capacity is simply the ability of a wetland to perform a function compared to the level of 
performance in reference standard wetlands.  The HGM methodology is based on a series 
of predictive Functional Capacity Indices (FCIs).  An index of the capacity of wetland to 
perform a function relative to other wetlands from a regional wetland subclass in a 
reference domain. Functional capacity indices are by definition scaled from 0.0 to 1.0. An 
index of 1.0 indicates that a wetland performs a function at the highest sustainable 
functional capacity, the level equivalent to a wetland under reference standard conditions 
in a reference domain.  An index of 0.0 indicates the wetland does not perform the 
function at a measurable level and will not recover the capacity to perform the function 
through natural processes.  FCI models combine VSIs in a mathematical equation to rate 
the functional capacity of a wetland on a scale of 0.0 (not functional) to 1.0 (optimum 
functionality).  An HGM subclass model is basically an assimilation of several FCI 
models combined in a specific fashion to mimic a site’s functionality.  Users can review 
and select several FCI models to evaluate the overall site functionality.  All FCI models 
are described using a single FCI formula (refer to the Single Formula Subclass Models 
section below).  Some examples of HGM FCI models include floodwater detention, 
internal nutrient cycling, organic carbon export, removal and sequestration of elements 
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and compounds, maintenance of characteristic plant communities, and wildlife habitat 
maintenance. 



Reference sites used for model calibration for Arizona Studies included The Nature 
Conservancy’s Hassayampa River Preserve, the Verde River at the confluence with the 
Salt River, the Santa Cruz River at Tumacocori, the San Pedro River at the San Pedro 
National Riparian Conservation Area, and Tanque Verde Wash upstream of the Rillito 
River confluence.  These sites were recommended based on the following criteria:  1) 
they were reasonable sites considering current conditions, 2) they were in a similar 
regional Riverine subclass to the Santa Cruz River with similar elevation, topography, 
gradient, and stream order, 3) they represented important aspects of pre-historical 
conditions, and 4) they were uniform across political boundaries.  Model attendees agreed 
that no truly ideal reference site exists and restoration to the ideal was not achievable due 
to inability to remove all stressors.  The goal in choosing these sites was that the 
hydrologic, biogeochemical and habitat characteristics be as undisturbed as possible. 



HGM model variables represent the characteristics of the wetland ecosystem (and 
surrounding landscape) that influence the capacity of a wetland ecosystem to perform a 
function.  HGM model variables are ecological quantities that consist of five components 
(Schneider, 1994).  These include: 1) a name, 2) a symbol, 3) a measure of the variable 
and procedural statement for quantifying or qualifying the measure directly or calculating 
it from other measurements, 4) a set of values [i.e., numbers, categories, or numerical 
estimates (Leibowitz and Hyman, 1997)] that are generated by applying the procedural 
statement, and 5) units on the appropriate measurement scale.  Table 5 provides several 
examples. 



 



Table 5.  Components Of A Typical HGM Model Variables 



Name (Symbol) Measure/Procedural Statement
Resulting 



Values
Units



(Scale)



Redoximorphic 
Features (VREDOX)



Status of redoximorphic features/visual 
inspection of soil profile for redoximorphic 
features



Present/
Absent



unitless
(Nominal Scale)



Floodplain 
Roughness 
(VROUGH)



Manning’s Roughness Coefficient (n) 
Observe wetland characteristics to determine 
adjustment values for roughness component 
to add to base value



0.01
0.1
0.21



unitless
(Interval Scale)



Tree Biomass 
(VTBA)



Tree basal area/measure diameter of trees in 
sample plots (cm), convert to area (m ), and 
extrapolate to per hectare basis



5
12.8
36



m2/ha
(Ratio Scale)
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HGM model variables occur in a variety of states or conditions in reference wetlands 
(Ainslie et al., 1999).  The state or condition of the variable is denoted by the value of the 
measure of the variable.  For example, tree basal area, the measure of the tree biomass 
variable could be large or small.  Similarly, recurrence interval, the measure of overbank 
flood frequency variable could be frequent or infrequent.  Based on its condition (i.e., 
value of the metric), model variables are assigned a variable subindex.  When the 
condition of a variable is within the range of conditions exhibited by reference standard 
wetlands, a variable subindex of 1.0 is assigned.  As the condition deflects from the 
reference standard condition (i.e., the range of conditions that the variable occurs in 
reference standard wetland), the variable subindex is assigned based on the defined 
relationship between model variable condition and functional capacity.  As the condition 
of a variable deviates from the conditions exhibited in reference standard wetlands, it 
receives a progressively lower subindex reflecting its decreasing contribution to 
functional capacity.  In some cases, the variable subindex drops to zero.  For example, 
when no trees are present, the subindex for tree basal area is zero.  In other cases, the 
subindex for a variable never drops to zero.  For example, regardless of the condition of a 
site, Manning’s Roughness Coefficient (n) will always be greater than zero.   



HGM combines both the wetland functionality (FCIs measured with variables) and 
quantity of a site to generate a measure of change referred to as Functional Capacity 
Units (FCUs).  Once the FCI and PWAA quantities have been determined, the FCU 
values can be mathematically derived with the following equation:  FCU = FCI x Area 
(measured in acres).  Under the HGM methodology, one FCU is equivalent to one 
optimally functioning wetland acre.  Like HEP, HGM can be used to evaluate further 
conditions and the long-term affects of proposed alternatives by generating FCUs for 
wetland functions over several target years.  In such analyses, future wetland conditions 
are estimated for both Without Project and With Project conditions.  Projected long-term 
effects of the project are reported in terms of Average Annual Functional Capacity Units 
(AAFCUs) values.  Based on the AAFCU outcomes, alternative designs can be 
formulated, and trade-off analyses can be simulated, to promote environmental 
optimization.   
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RE: Cienega Creek ILF Mitigation site Concept

		From

		Chris Cawein

		To

		Leidy, Robert

		Cc

		Julia Fonseca; Kenneth Maits

		Recipients

		Leidy.Robert@epa.gov; Julia.Fonseca@pima.gov; Kenneth.Maits@pima.gov



Rob –





 





Not sure if you were hoping for ground shots or aerials but I was quickly able to locate on our set of 1936 aerial photos a shot of the Cienega Creek area and I believe I can place on that photo where the dam is located based on other nearby physiographic features.  I’ve embedded the 2012 aerial of the area in this email for comparison purposes.  





 





I saved that 1936 photo as a pdf and am attaching it to this email.   Unfortunately it split onto 2 pages but you can see at the bottom of the first page a pinch point in the creek where it turns at an approximate 90 degree angle to the west.   That appears to be the area of the dam.  





 





I am copying Ken Maits from RFCD on this email as Ken manages our Information Management Section as he might be assist in locating additional historical photos of the area.  Although we do have an aerial series from the 1940s, I do not believe they extend out this far.   Let me know if questions.  Regards, Chris





 





 





Chris Cawein





Interim Director





Natural Resources, Parks and Recreation





 





 





 











 





 





 





From: Leidy, Robert [mailto:Leidy.Robert@epa.gov] 
Sent: Wednesday, September 11, 2013 3:15 PM
To: Chris Cawein
Subject: RE: Cienega Creek ILF Mitigation site Concept





 





Hello Chris,





 





Thank you in taking the time to taking with me and  Elizabeth and for sending this along; it has proved helpful in our ongoing discussions with the Corps. I was talking to Julia Fonseca today about the availability of historical images of Pantano Wash below the dam and she believes that Pima County Flood Control might have photos from the 1930s-1960s scanned and available. We would be interested in getting these photos, perhaps electronically, if available.





 





I realize that you have new duties now and are very busy. Perhaps you know of a contact with Pima County that might be able to assist us?





 





Thanks again,





 





Rob





 





 





 





 





______________________________





Robert A. Leidy, Ph.D.





U.S. Environmental Protection Agency





Wetlands Office (WTR-8)





75 Hawthorne Street





San Francisco, CA 94105





(415) 972-3463





 





 





 





 





From: Chris Cawein [mailto:Chris.Cawein@pima.gov] 
Sent: Monday, September 09, 2013 9:54 AM
To: Goldmann, Elizabeth
Cc: Suzanne Shields
Subject: Cienega Creek ILF Mitigation site Concept





 





Elizabeth – Attached is the latest plan for this proposed ILF site as discussed this morning.  





 





Please let me know if questions and also please confirm receipt of this due to its fairly large size.  Thanks, Chris





 





Chris Cawein





Interim Director





Natural Resources, Parks and Recreation
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RE: ET and climate change

		From

		Juliet Stromberg

		To

		Julia Fonseca

		Cc

		Leidy, Robert

		Recipients

		Julia.Fonseca@pima.gov; Leidy.Robert@epa.gov



Julia,





You have a good memory! Here is the paper, authored by our regional riparian ET expert Pam Nagler (see Fig. 3).





Thank you for the (sad) but important information about the riparian die-offs.





Julie





 





Dr. Julie Stromberg





School of Life Sciences





Arizona State University





Tempe AZ 85287-4501





 





Office: LSE 717 





Phone: (480)965-0864 or (602)276-2635





 





 





 





 





From: Julia Fonseca [mailto:Julia.Fonseca@pima.gov] 
Sent: Monday, July 01, 2013 12:10 PM
To: Juliet Stromberg
Cc: 'Leidy, Robert (Leidy.Robert@epa.gov)'
Subject: ET and climate change





 





Hi, Julie,





 





I recall you once shared with me a graph relating change in temperature to riparian ET, but I could not find it in my files.  Robert Leidy, EPA Senior Scientist in SF, would appreciate any information you might have, and so would I.  





 





BTW, last week I observed recent ongoing die-off of cottonwoods and mesquite bosque going on in parts (less than 10%?) of the San Pedro Valley north of Redington, south of San Manuel.   We are losing more of the bosque in the Cienega Creek Natural Preserve during the time period 2005-2011, too.  The recent LiDAR work supports a decline in canopy height in that plant community.  And Miguel Villareal has documented loss of bosque along Davidson, most of it during 2002-2006 drought.





 





 





Julia Fonseca





Environmental Planning Manager





 





Pima County Office of Sustainability and Conservation





201 N. Stone, 6th floor





Tucson, AZ 85701





(520) 724-6460





Julia.Fonseca@pima.gov





 










nagler_et_climate.pdf

nagler_et_climate.pdf


























































































RE: LCNCA channel cross sections, 1993 and 2006, with water noted

		From

		Gita Bodner

		To

		Julia Fonseca

		Cc

		Leidy, Robert

		Recipients

		Julia.Fonseca@pima.gov; Leidy.Robert@epa.gov



Looks like only 2 of them had water in 2006 (EG1 and CC7). Both have notes with rough water depth measurements. 


The "corrected channel elevation" column is the vertical distance from terrace to channel bottom. You can estimate depth of water by taking the "edge of water" elevation marks and subtracting the depth of the channel bottom, though this is less reliable than the actual measurements.  





Also, if it's water depth itself that you are interested in, rather than channel cross section, Jeff Simms from BLM has taken a lot of stream depth measurements as part of his extensive aquatic habitat surveys in 1990 and 2000. These have the stream broken down by reach, and by habitat type (pools, riffles, runs, etc.), with length, width, and depth measures for each. I helped him analyze this data a few years ago. 


He has also measured depth of a subset of pools specifically (not runs or riffles) during annual fish surveys in years since.


Would that data be more useful to you? If you don't have it, you can ask Jeff for it (jsimms@blm.gov) or I can help get it to you.





Gita





-----Original Message-----


From: Julia Fonseca [mailto:Julia.Fonseca@pima.gov] 


Sent: Tuesday, July 02, 2013 11:37 AM


To: Gita Bodner


Cc: 'Leidy, Robert (Leidy.Robert@epa.gov)'


Subject: FW: LCNCA channel cross sections, 1993 and 2006, with water noted





I think the answer is yes, Robert, but I defer to Gita to be sure!





-----Original Message-----


From: Leidy, Robert [mailto:Leidy.Robert@epa.gov] 


Sent: Tuesday, July 02, 2013 11:36 AM


To: Julia Fonseca


Subject: RE: LCNCA channel cross sections, 1993 and 2006, with water noted





Hi Julia,





Thanks so much for sending this along and the other references. They will be very useful. I am not sure that I can discern water depth from this information. Can I get water depth in the wetted-channel from these cross sections?





Thanks much,





Rob








______________________________


Robert A. Leidy, Ph.D.


U.S. Environmental Protection Agency


Wetlands Office (WTR-8)


75 Hawthorne Street


San Francisco, CA 94105


(415) 972-3463














-----Original Message-----


From: Julia Fonseca [mailto:Julia.Fonseca@pima.gov] 


Sent: Monday, July 01, 2013 8:36 AM


To: Leidy, Robert


Cc: ''Gita Bodner' (gbodner@TNC.ORG)'


Subject: FW: LCNCA channel cross sections, 1993 and 2006, with water noted





Hi, Robert, is this the type of data you want?  The is a repeat cross section measured in 1993 and 2006 describing elevation of plant communities relative to cross-sectional geometry of the floodplain, with remarks about where surface water was at the time.  





-----Original Message-----


From: Gita Bodner [mailto:gbodner@tnc.org] 


Sent: Friday, June 28, 2013 6:36 PM


To: Julia Fonseca


Subject: LCNCA channel cross sections, 1993 and 2006, with water noted





Is this the type of info you thought would be useful?


Some show water, e.g. EG1; others do not (were dry). 





I think that comprehensive survey of the channel by Lawson and Huth would have lots of info on depth to surfacewater in it, but needs someone with more experience working with that kind of survey data to work with it easily. 





Gita





Lawson, L,. and H. Huth. 2003. Lower Cienega Creek Restoration Evaluation Project: An investigation into developing quantitative methods for assessing stream channel physical condition. Arizona Water Protection Fund Grant #90-068 WPF. Produced by the Arizona Department of Environmental Quality, Southern Regional Office Tucson AZ, Report #EQR0303. 76 p.  














RE: Rosemont - Empire Gulch

		From

		Leidy, Robert

		To

		Vogel, Mindy S -FS; Julia.Fonseca@pima.gov; Moore, Daniel (d3moore@blm.gov); Jessop, Carter

		Cc

		Shafiqullah, Salek -FS; cgarrett@swca.com; Goldmann, Elizabeth; Brush, Jason

		Recipients

		msvogel@fs.fed.us; Julia.Fonseca@pima.gov; d3moore@blm.gov; JESSOP.CARTER@EPA.GOV; sshafiqullah@fs.fed.us; cgarrett@swca.com; Goldmann.Elizabeth@epa.gov; Brush.Jason@epa.gov



Mindy,





 





The Pima County and BLM references refer to annual wet-dry mapping on Cienega Creek, not necessarily Empire Gulch. The only several hundred feet in Empire Gulch is based on my personal observation and a comment made to me by Jeff Simms, BLM, during our site visit on June 27th, 2013.





 





Rob





 





 





 





______________________________





Robert A. Leidy, Ph.D.





U.S. Environmental Protection Agency





Wetlands Office (WTR-8)





75 Hawthorne Street





San Francisco, CA 94105





(415) 972-3463





 





 





 





From: Vogel, Mindy S -FS [mailto:msvogel@fs.fed.us] 
Sent: Tuesday, October 29, 2013 12:53 PM
To: Julia.Fonseca@pima.gov; Moore, Daniel (d3moore@blm.gov); Leidy, Robert; Jessop, Carter
Cc: Shafiqullah, Salek -FS; cgarrett@swca.com
Subject: Rosemont - Empire Gulch





 





Hi.





 





I have included a number of cooperating agency contacts on this email in hopes of reaching all likely sources of the following data.  I would appreciate a response by COB 10/30 whether or not your agency has the information referenced below in highlight.





 





In an email from Mr. Robert Leidy, EPA to the Coronado NF on 10/25, Mr. Leidy wrote (highlight added):





 





It is a well-known fact that the long-term trend in surface flows in Cienega Creek is one of steep, continuing decline due to several factors including increasing domestic groundwater pumping and persistent natural drought. One consequence of declining ground and surface water availability is a continuing long-term, decreasing trend in the length of available wetted stream channel along Cienega Creek. Currently, during the driest portions of the year only a couple miles of permanent surface water remains in Cienega Creek and only several hundred feet in Empire Gulch (Pima County and BLM have documented in detail these ongoing trends of decreasing surface water availability).





 





The Coronado believes that the highlighted section indicates that there is data available for Empire Gulch.  However, to our knowledge, we are not aware of nor have this data available to us.  If indeed there is data on Empire Gulch, it would greatly assist the FS in the analysis and we would appreciate receiving this information promptly.  





 





Thank you for your time. 





 





 











 









This electronic message contains information generated by the USDA solely for the intended recipients. Any unauthorized interception of this message or the use or disclosure of the information it contains may violate the law and subject the violator to civil or criminal penalties. If you believe you have received this message in error, please notify the sender and delete the email immediately. 











		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



At least you can see the names of the personnel:





 





 





Conference Proceedings





2004 





 





Webb, A.C. and Burks-Copes, K.A. (2004) "Lessons Learned From Assessing Ecosystem Restoration Studies Across The Nation. ," First National Ecosystem Restoration Conference. December, 2004. Lake Buena Vista, FL. 





 





Bergmann, K.M., Burks-Copes, K.A., and Webb, A.C. (2004) "El Rio Antiguo: A Case Study Of The Assessment Of Ecosystem Restoration Success Using HGM," USACE National Economic and Environmental Analysis Conference. 13-15 April, 2004. Baltimore, MD. 





 





Catanzaro, A., Heinly, R., Webb, A.C., and Burks-Copes, K.A. (2004) "Clear Creek Watershed Flood Damage Reduction And Ecosystem Restoration Study," USACE National Economic and Environmental Analysis Conference. 13-15 April, 2004. Baltimore, MD. 





 





Webb, A.C. and Burks-Copes, K.A. (2004) "Lessons Learned From Assessing Ecosystem Restoration Studies Across The Nation," USACE National Economic and Environmental Analysis Conference. 13-15 April, 2004. Baltimore, MD. 





 





2003 





 





Webb, A.C. and Burks-Copes, K.A. (2003) "EXHGM: Expert Hydrogeomorphic (HGM) Approach Software," Society of Wetland Scientists 24th Annual Meeting. June 8-13, 2003. New Orleans, LA. 





 





Burks-Copes, K.A., and Webb, A.C. (2003) "Using HGM To Assess The Success Of Restoration Projects In Arid Riparian Systems In Arizona," Society of Wetland Scientists 24th Annual Meeting. June 8-13, 2003. New Orleans, LA. 





 





Burks-Copes, K.A., and Webb, A.C. (2003) "Using Hgm To Assess The Success Of Restoration Projects In Arid Riparian Systems In Arizona," Society of Wetland Scientists 24th Annual Meeting. June 8-13, 2003. New Orleans, LA. 





 





 





Julia Fonseca





Environmental Planning Manager





 





Pima County Office of Sustainability and Conservation





201 N. Stone, 6th floor





Tucson, AZ 85701





(520) 724-6460





Julia.Fonseca@pima.gov





 











Cienega Flow Mapping 9/5

		From

		Mead Mier

		To

		MMier@pagnet.org

		Recipients

		MMier@pagnet.org



Dear Cienega Contacts,

PAG will be conducting the Fall "wet-dry" mapping walk-through of lower Cienega Creek in the County Natural Preserve on Thursday Sept 5th, 2013.

Please let me know if you would like to join us for a day of information exchange and if you can bring a four wheel drive.
We will meet at the Quick Mart at 7am in Vail.
Plan to not be back in town before 6pm although we have ended as early as 3 in the past.
Bring lunch, plenty of water, shoes to rock hop or trek through water and sand, long pants, sun protection.

Thank you to all who were able to attend in June. Your insight is always valuable.  
Unfortunately, the perennial flow extent was reduced to 0.93 miles in June 2013, the lowest flow extent on record and 0.31 miles shorter than last June.  This is 25% lower over one year. The 0.93 miles of flow is  10% of the flow extent compared to the wet years in the mid 1980s when fully 9.5 miles flowed in Preserve during the dry season. 
(see attached)




Sincerely,
Mead







Mead Mier
Senior Watershed Planner
Sustainable Environment Program 
Pima Association of Governments (PAG)
177 N Church Ave, Suite 405, Tucson, Arizona 85701
520-495-1464   MMier@PAGnet.org



Join us on Facebook: Clean Water Starts With Me!
Also on Facebook: Cienega Watershed Partnership









PAGCienegaDriest2013.pdf

PAGCienegaDriest2013.pdf




Drought Impacts on Flow Extent 
Along Lower Cienega Creek



Driest Year - June 2013



Flowing Stream Reach
Dry Stream Bed
Lower Cienega Creek Preserve



Cienega Creek experienced record breaking drought conditions in
summer 2013.  Prolonged drought impacts the creek by decreasing
flow volume and extents.
PAG monitors streamflow quarterly in the Pima County Natural Preserve.  
The flow extent is measured during the PAG walk-through of the Preserve
from the I-10 overpass to the dam.  May-July is the driest season in
Arizona, making it the best time to estimate the minimum perennial
streamflow.  
The perennial flow extent was reduced to 0.93 miles in June 2013,
the lowest flow extent on record and 0.31 miles shorter than the
previous June.  This is only 10% of the flow extent compared to the 
wet years in the mid 1980s when fully 9.5 miles flowed in Preserve
during the dry season. 
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Water budget projections based on population

		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



Hi, this paper used four growth scenarios relative to basin water budgets, including Aravaipa, Cienega and many other basins in Arizona.   You can download a copy from here:





 





 





http://azconservation.org/downloads/sustainable_water_management_in_the_southwestern_united_states





 





Julia Fonseca





Environmental Planning Manager





 





Pima County Office of Sustainability and Conservation





201 N. Stone, 6th floor





Tucson, AZ 85701





(520) 724-6460





Julia.Fonseca@pima.gov





 











Climate change and riparian ecosystems in Western US

		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



You may be familiar with this lit review by Perry et al.  already





 





http://www.fort.usgs.gov/Products/Publications/23228/23228.pdf





 





Julia Fonseca





Environmental Planning Manager





 





Pima County Office of Sustainability and Conservation





201 N. Stone, 6th floor





Tucson, AZ 85701





(520) 724-6460





Julia.Fonseca@pima.gov





 











mitigation lands

		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



Rob,





 





Here is the document you requested.





 





Julia Fonseca





Environmental Planning Manager





 





Pima County Office of Sustainability and Conservation





201 N. Stone, 6th floor





Tucson, AZ 85701





(520) 724-6460





Julia.Fonseca@pima.gov





 










jd-rosemont.compensatory.mitigation.lands.pdf

jd-rosemont.compensatory.mitigation.lands.pdf




COUNTY ADMINISTRATOR'S OFFICE 
PIMA COUNTY GOVERNMENTAL CENTER 
130 W. CONGRESS, TUCSON, AZ 85701-1317 
(520)740-8661 FAX (520) 740-817 1 



C.H. HUCKELBERRY 
County Administrator 



December 23, 2009 



Jeanine Derby, Forest Supervisor 
Coronado National 
300 W. Corlgress Street 
Tucson, Arizona 85701 



Re: Compensatory Mitigation Lands 



Dear Ms. Derby: 



The County continues to  be concerned over the adverse impacts associated with the 
proposed Rosemont mine. The measures proposed by Rosemont in their mining Plan of 
Operations are clearly inadequate t o  offset these adverse environmental impacts. Should the 
mine proceed, we request that the Forest Service uphold mitigation guidelines intended to 
assist the region in building an interconnected biological reserve system that crosscuts 
various jurisdictions. The mitigation guidelines and biological reserve design are embodied in 
the Maeveen Marie Behan (NIIMB) Conservation Lands System, a key outcome of the Sonoran 
Desert Conservation Plan (SDCP). The US Department of Agriculture Coronado National 
Forest was a participating agency in the SDCP development. 



In previous correspondence with Rosemont, and then later with your agency, I have 
repeatedly outlined five environmental performance standards, one of which is tied t o  the 
MMB Conservation Lands System mitigation ratios. Based on Rosemont's initial Plan of 
Operations, we have estimated compensatory mitigation at approximately 8,800 acres. Since 
then, we have learned of other project components that lie outside the mine footprint per se. 
The Forest Service should demand mitigation for lands directly affected by all mine-related 
facilities, including utilities and other offsite land disturbances. 



Attachment 1 to  this letter outlines general mitigation principles that we would expect for the 
compensation of public land. In general, mitigation should be applied only after all efforts to 
avoid and minimize are applied. The Forest Service needs to ensure that mitigation will occur 
prior to impacting Forest Service lands. This assures compensation actually takes place, 
regardless of whether the project fails and funding, promises, and contracts fall apart. 
Mitigation lands must be closed to new mineral and substantially free of mining claims. Any 
land acquisition must include related water rights or claims that currently exist. We also 
assume that mitigation lands would be managed, monitored and protected in perpetuity. 











Ms. Jeanine Derby 
Re: Compensatory Mitigation Lands 
December 23, 2009 
Page 2 



Another performance standard is to ensure there is no impact to the water resources of the 
Cienega Basin. Rosemontfs own groundwater model shows that the project would greatly 
reduce underflows of groundwater to Davidson Canyon and many springs in the area during 
the 122-year period they analyzed. Our model shows impacts to upper Cienega Basin that 
would expand and endure over thousands of years. We continue to  oppose a mine that 
would jeopardize the long-term water resources of the upper and lower Cienega Basin, in 
which federal and local governments have invested millions of dollars. 



If the Forest Service permits a mine that would impact aquatic resources of Cienega Creek, 
there will be no suitable replacement habitat. Notwithstanding our opposition to  irreversible 
and irretrievable loss of water and aquatic habitat and our belief that these impacts cannot be 
mitigated, we suggest in the attachment certain additional principles to govern selection of 
mitigation for aquatic resources, separate from upland and riparian resources. 



Per your request, we  have identified a number of properties that may address the needs for 
compensatory mitigation of upland and riparian habitat. Each property is identified via its 
parcel tax code (Attachment 2) and in color (brown, purple, blue, and gray) on the Rosemont 
Mitigation Parcels map (Attachment 31. You may use the County MapGuide tool at 
http://www.dot.pima.gov/gis/maps/mapguide/ to view the exact location of each parcel in 
greater detail. For aquatic habitat mitigation, the best mitigation of which we are aware 
would be to restore diverted flows to Cienega Creek at Township 16 South, Range 16  East, 
Section 14, through acquiring two  acres of land and associated surface water rights held by 
Del Lago Golf associated with Parcel 305-1 1 -024C and the well site at Parcel 305-1 1-028. 



While we are pleased that the Forest Service is exploring compensatory mitigation lands, we 
would also like to point out that mitigation in the form of land acquisition would not replace 
reclamation of the mining site, including restoration of watershed functions to  the degree 
possible. 



Sincerely, 



C.H. Huckelberry 
County Administrator 



Attachments 



c: 	 Julia Fonseca, Environmental Planning Manager 
Pima County Office of Conservation Science and Environmental Policy 





http://www.dot.pima.gov/gis/maps/mapguide/








ATTACHMENT 1 












Principles for Compensatory Mitigation 



Lands protected as compensatory mitigation should be: 



1)  in the area of direct effect or as close as possible to the area of direct effect; and 
2) adjacent to other protected lands; and 
3) protected in perpetuity with legal instruments that secure minerals and water, and 



other land interests; and 
4) managed for protection of land and water; and 
5) monitored t o  assure the mitigation intent is being met; and 
6) accessible to  the public (at least by means of foot); and 
7) located within the Maeveen Marie Behan Conservation Lands System (CLS); and 
8) a total acreage that is consistent with the CLS guidelines for mitigation (-8,800 



acres) 



Based on these principles, the ideal lands would include (in no particular order): 



1) portions of the Santa Rita Experimental Range adjacent to  the Coronado National 
Forest; 



2) private lands located inside or adjacent to  the Santa Rita units of the National 
Forest, especially in Pima County close to  the mine 



3) Rosemont's fee-owned lands in or adjacent t o  the Santa Rita unit of the Coronado 
National Forest; 



4) private and state trust lands along Barrel and Davidson Canyons, including lands 
owned by Rosemont, and state trust lands which are part of Pima County's Bar V 
Ranch. 



Principles for waters for mitigation: 



1) springs and perennial streams (if their existence is not threatened by the mine itself; 
and 



2) inside other protected land areas; and 
3) provide habitat for listed or candidate species; and 
41 managed for protection of land and water; 
5) monitored t o  assure the mitigation intent is being met; 
6) Mitigation for water impacts to  the Cienega Basin can include the purchase of the 



one-acre Vail diversion dam and associated water rights along Cienega Creek. 











Principles for Compensatory Mitigation 
Page 2 



If insufficient land is available from the ideal lands, then our preferences in order of priority 



-are: 



1. 	State and private lands in the Santa Rita unit at similar elevation, including the 
private lands at the mouth of Madera Canyon; 



2. 	 State and private lands adjacent to  BLM and County land in the Empire Mountains. 
The Empire Mountains are an important recharge area in the Cienega Basin. 
Possesses extensive outcrops of limestone, includes mine claims. Land is situated 
close to  the mine and at a similar elevation. includes lands in the area of visual 
effect. Several land owners in the area have approached Pima County wi th interest 
in selling. 



3. 	 State and private lands adjacent to  BLM and County land in the piedmont of the 
Whetstone Mountains. Land is situated close to  the mine and at a similar elevation. 
Includes lands in the area of visual effect. 



4. 	 Private lands along Agua Verde Creek south of the Rincon Mountains. Land 
includes riparian areas similar t o  those which would be affected along Davidson and 
Barrel Canyons. Is close t o  or adjacent to  protected lands. 
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ET and climate change
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		Julia Fonseca
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		'Julie Stromberg'

		Cc

		Leidy, Robert
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		jstrom@asu.edu; Leidy.Robert@epa.gov



Hi, Julie,





 





I recall you once shared with me a graph relating change in temperature to riparian ET, but I could not find it in my files.  Robert Leidy, EPA Senior Scientist in SF, would appreciate any information you might have, and so would I.  





 





BTW, last week I observed recent ongoing die-off of cottonwoods and mesquite bosque going on in parts (less than 10%?) of the San Pedro Valley north of Redington, south of San Manuel.   We are losing more of the bosque in the Cienega Creek Natural Preserve during the time period 2005-2011, too.  The recent LiDAR work supports a decline in canopy height in that plant community.  And Miguel Villareal has documented loss of bosque along Davidson, most of it during 2002-2006 drought.
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Drought Impacts on Flow Extent 
Along Lower Cienega Creek



Driest Year - June 2013



Flowing Stream Reach
Dry Stream Bed
Lower Cienega Creek Preserve



Cienega Creek experienced record breaking drought conditions in
summer 2013.  Prolonged drought impacts the creek by decreasing
flow volume and extents.
PAG monitors streamflow quarterly in the Pima County Natural Preserve.  
The flow extent is measured during the PAG walk-through of the Preserve
from the I-10 overpass to the dam.  May-July is the driest season in
Arizona, making it the best time to estimate the minimum perennial
streamflow.  
The perennial flow extent was reduced to 0.93 miles in June 2013,
the lowest flow extent on record and 0.31 miles shorter than the
previous June.  This is only 10% of the flow extent compared to the 
wet years in the mid 1980s when fully 9.5 miles flowed in Preserve
during the dry season. 
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